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ABSTRACT
The surface irrigation water supplies of Smith Valley in West-central 
Nevada are susceptible to drought. The utilization of conjunctive ground- 
water for drought mitigation was determined by converting electrical 
power consumption of irrigation wells into total amount of water pumped. 
The amount of actual conjunctive groundwater pumped was separated from 
the total pumpage by contrasting pumping in the non-drought years of 
1974 and 1975 to the drought years of 1976 and 1977.
A lumped parameter systems model was developed for Smith Valley, 
based upon the characteristics and interrelationships of the water resource 
system. Various conjunctive pumping management schemes were modeled 
to investigate improving the drought mitigation capability. Due to the 
water cost framework, the management schemes simplify to increases in 
the allowable conjunctive pumpage. The model results indicated that a 
doubling of the present conjunctive groundwater rights would not manifest 
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The agricultural industry of Western Nevada, due to climate, is 
dependent upon irrigation for crop water requirements. Since the establish­
ment of the first non-Indian settlements in the 1860's, surface water has 
served as the primary source of irrigation water. Over the long term, 
surface water supplies are susceptible to deficiencies or droughts. In 
response to these deficiencies, ranchers and farmers have turned to 
groundwater as a supplemental or conjunctive supply. Conjunctive use is 
the simultaneous use of surface water and groundwater. The purpose of 
this thesis was to examine the current use of drought mitigating conjunctive 
groundwater and to evaluate improvements to drought mitigation strategy.
Smith Valley, shown in Figure 1-1, was chosen to be the study area. 
Smith Valley's economy is dominantly agricultural, with heavy investments 
in alfalfa, a perennial crop for which significant amounts of irrigation 
water are needed. Smith Valley's groundwater basin is relatively isolated 
and thus provides an excellent situation to study conjunctive use. The 
surface storage water supplied to Smith Valley is administered by the 
Walker River Irrigation District (WRID). Improving the drought mitigation 
strategy may require that conjunctive pumping be controlled by a managing 
entity. Convenience and efficiency would indicate the WRID could assume 
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of improving the drought mitigation strategy throughout the WRID. Specifi­
cally, the objectives of this thesis are:
1) To assess and examine the mitigation of drought conditions 
through the utilization of current conjunctive groundwater rights.
2) To develop a water resource systems model, based upon physical 
and economic aspects, in order to examine potential improvement 
upon the conjunctive pumping policy.
It is hoped that the information, findings, results, and conclusions 
of this report are useful to and are viewed by appropriate agencies in 
the same spirit with which the study was conducted, namely, to examine 
the current situation and explore potential changes that might strengthen 
the ability to weather our periodic droughts and the economic damage 
they are capable of inflicting. Further study of conjunctive use in western 
Nevada with the aim of optimally developing the groundwater storage
reservoir is warranted.
CHAPTER TWO
CONJUNCTIVE USE MODELING CONCEPTS
Modeling of a conjunctive use water resource system can be approach­
ed from several different perspectives. Depending upon objectives, system 
modeling can proceed from a wholly economic standpoint, where certain 
physical problems are ignored or generalized, in order to examine benefits 
and costs. Conversely, a model of conjunctive use can proceed from a 
wholly physical standpoint, investigating the natural, physical responses 
and attributes of the system, without considering the economic aspects. 
Usually, physical parts of the conjunctive use system are a surface water 
source; a surface water reservoir; a use for surface water; a groundwater 
reservoir (aquifer); a use for groundwater; and a recharge facility to use 
surface water to artificially recharge the groundwater reservoir. Certain 
parts may be deleted or additional parts added, dependent upon the specific 
situation. Modeling then proceeds with a simulation of the system based 
upon characteristics and interrelationships of the parts, in order to meet 
specific objectives.
Buras (1963 and 1966) approached modeling of conjunctive use from 
an economic standpoint. He was primarily interested in determining design 
features of a conjunctive use system not yet constructed. Specifically 
these features were: optimal, or best surface reservoir capacity, optimal 
size of recharge works, and rules for water detention and release from
5
surface and sub-surface reservoirs. Figure 2-1 shows a schematic repre­
sentation of the system envisioned by Buras. A least cost criterion was 
used by Buras to define the optimal solution. Solution was arrived at 
using the dynamic programming method. Dynamic programming is a 
mathematical technique where the optimal set of interrelated decisions 
is determined from the total set of possible, feasible decisions across the 
study time period. In this way, operating rules were determined for the 
system, based upon initial conditions. The optimal capacities of the 
surface reservoir and recharge works were then determined as a by-product 
of the dynamic programming computations.
Cochran (1968) and Cochran and Butcher (1970) also used a dynamic 
programming technique to study conjunctive use. Their object was to 
determine the optimal integration policy between existing use of ground- 
water and anticipated use of imported surface water in Las Vegas, Nevada. 
Uncommon to conjunctive use modeling, they dealt with a municipal- 
industrial demand rather than an agricultural demand. A least cost 
optimality criterion was used which was directly related to the average 
groundwater pumping lift. Fortunately, they had sufficient data available 
to define the relationship between groundwater storage withdrawals and 
water level decline, which was the key to this modeling approach. Arti­
ficial recharge was not a part of their scheme. Certain legal manifesta­
tions motivated them to vary groundwater pumpage groundrules (policy) 
in order to study their effects. This resulted in several modeling runs, 




FIGURE 2-1. Schematic representation of Suras' conjunctive use 
system (after Suras, 1963, p. 114).
7
water-surface water integration rules for each policy.
Morel-Seytoux (1975) approached modeling of conjunctive use from 
a more in-depth physical standpoint than those of the preceding examples. 
He first developed a physical, hydrologic model of a sophisticated nature. 
Using a solution to the Boussinesq saturated flow equation with an 
accounting for stream interaction, an influence function was generated. 
The influence function along with pertinent aquifer, pumping, and stream 
reach parameters then describes the influence of pumping upon the 
undeveloped aquifer and stream reach. In this case there was no surface 
water storage structure nor any artificial recharge. The influence function 
was then combined with linear constraint equations based upon water 
rights and other legal aspects. Linear programming techniques were then 
used to determine the optimal amount of pumping that would not interface 
with senior surface rights and thus the optimal conjunctive pumping 
strategy. Linear programming is a mathematical technique for finding the 
optimal solution, relative to an objective function, of a number of linear 
constraint equations.
The conjunctive use model, developed in this report for Smith Valley 
is more along physical lines than economic ones. The actual economics 
of the water resource system are simple. With the exception of flowing 
wells, groundwater is more expensive than surface water. Thus, a complex 
decision making technique such as dynamic programming did not seem 
warranted as the optimal solution (least cost for water supply) will always 
demand use of the entire available surface water first, and then pump 
groundwater to mitigate a deficit. Therefore optimization was approached 
heuristically.
8
Physical modeling, not as sophisticated as Morel-Seytoux's approach, 
deals with a surface storage reservoir, upstream and down stream demands, 
and interaction between stream and aquifer, as well as the natural 
components of recharge and phreatophyte evapotranspiration, in a lumped 
parameter fashion. The model does not address actual problems of well 
interference, or distribution of water to individual farm or ranch units. 




PHYSICAL, HISTORICAL, ECONOMIC AND LEGAL ASPECTS
Location
Smith Valley lies in the west-central portion of Nevada, approxi­
mately 50 miles to the southeast of Reno. The north-south trending 
valley has an approximate area of 300,000 acres, of which approximately
29,000 acres have water rights and are irrigated. The valley floor is 
approximately 25 miles in length and 8 miles in width. It is bounded on 
the north by the Buckskin Range, on the south by the Sweetwater 
Mountains, on the west by the Pinenut Mountains and Wellington Hills, 
on the east by the Pine Grove Hills and Singatse Range. These mountains 
range in altitude from 6,000 to 10,000 feet. Smith Valley lies in the 
Walker River drainage and is approximately bisected by the west to east 
flowing West Walker River.
Climate and Drought
Smith Valley is arid, receiving only approximately 7.5 inches of 
precipitation per year. The growing season averages 170 days with an 
approximate 120 day frost free period. The climate is typified by low 
precipitation, hot summers, and relatively cold winters.
Due to low precipitation, the agricultural industry of Smith Valley 
is wholly dependent upon irrigation. Droughts have always made each 
season's crop investment a gamble. Over the twenty year period studied
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in this report, there have been two significant drought episodes; 1960-61 
and 1976-77. The 1977 drought was the most severe on record. Total 
irrigation water delivered from surface sources amounted to only 22 
percent of average. However, the combined drought years of 1960-61 
saw greater hardships, as only 39 percent and 26 percent, respectively, 
of the average irrigation water from surface sources was delivered. A 
near normal 104 percent was delivered in the drought year of 1976; 
however, much of this came from storage since the streamflow was only 
43 percent of normal. Figure 3-1 shows the percent of normal of the 
surface irrigation deliveries to Smith Valley, and of the unregulated, 
undeveloped annual discharge of the West Walker River at Coleville, 
California. The percents of normal were calculated with historical data. 
The mean irrigation deliveries were computed over the period of 1939 to 
1977 and the streamflow discharge means computed over the period of 
1958 to 1977. Figure 3-1 exhibits the contrast between the climatologic 
drought and the irrigational drought. It is apparent that current surface 
water storage structures are not entirely sufficient to mitigate drought 
conditions. Throughout this report the percent of normal of the West 
Walker River at Coleville will be referred to as the normalcy of the 
system. The return periods for these drought events pictured in Figure
3-1 are approximately 2 years for 1976, 20 years for 1960, 55 years for 
1961, and 85 years for 1977. These return periods were estimated by 
using the Gumbel log extremal distribution, type 1, for the delivered 
irrigation water from surface sources.
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Hydrogeology of Smith Valley
Rocks composing Smith Valley fall into two general groups; 1) 
bedrock, consisting of older sedimentary and igneous rocks in the mount­
ainous areas; and 2) valley fill, consisting of alluvial and lakebed deposits. 
Rush and Schroer (1976, p. 14) identified seven principal lithologic units 
occuring in Smith Valley. The oldest three units, a Triassic/Jurassic 
metasediment, a Cretaceous granitoid, and a Tertiary sediment are not 
penetrated by any wells and probably have very poor transmissivities, 
except along fractures. The Cretaceous granitoid, however, is thought 
to conduct large amounts of water to Nevada Hot Springs by way of a 
fault zone. A Pliocene/Pleistocene volcanic sequence in the area also 
has not been penetrated by any wells. The scoriaceous and inter-flow  
zones of this unit are thought to be potentially good aquifers, if saturated. 
Oldest of the valley fill deposits is the "older alluvium" of Pliocene/- 
Pleistocene age. It has moderate transmissivities and, when not exposed, 
underlies the younger alluvium and playa deposits. The younger alluvium, 
of Pieistocene/Recent age, is the best of the aquifers. Its sands and 
gravels usually have moderate to high transmissivities. In the Artesia 
Lake vicinity, there is a Pieistocene/Recent playa deposit. Typical of 
playa deposits, it is comprised of silt, clay, and evaporites which exhibit 
very high porosity and very low permeability and thus is a poor aquifer. 
The valley fill deposits are assumed to be greater than 500 feet thick, 
as several wells drilled to this depth have not reached any basement 
material. The areal locations of these units are shown in Figure 3-2.
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FIGURE 3 - 2 .  G e n e r a l i z e d  g e o l o g y  o f  S m i t h  V a l l e y
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Rush and Schroer (1976), after conducting pump tests on many wells 
in Smith Valley in 1972, found that transmissivities generally follow the 
associated rock units. The younger alluvium having moderate to high 
transmissivities of 50,000 to greater than 1,000,000 gallons per day per 
foot. The older alluvium generally has transmissivities less than 50,000 
gallons per day per foot. Rush's transmissivity map is shown in Figure 
3-3. Rush also estimated that the average specific yield of the basin is 
approximately 15 percent.
Major hydrogeologic features of the valley are West Walker River, 
approximately bisecting the valley from west to east; a groundwater divide 
located approximately halfway between the river and Artesia Lake, and 
approximately parallel to the river; and Artesia Lake. These features, 
with generalized groundwater flow directions are shown in Figure 3-4.
Quality of both ground and surface waters in Smith Valley is generally 
satisfactory for both irrigation and domestic needs. There is, however, a 
potential for salt build-up in the northern area where the groundwater 
flow is generally towards Artesia Lake. Since the Artesia Lake Area is 
a "closed basin", the salt balance may have to be consciously managed 
in the future.
Previous Studies in the Smith Valley Area
Approximately twenty different studies have been completed on 
aspects of water resources of Smith Valley or the Walker River System 
as a whole. A wide variety of private, local, state, and federal agencies 
have had interests in the water resources of this area.
15
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FIGURE 3-4. Generalized hydrologic features and groundwater 
flow directions. 
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Rush and Schroer (1976), prepared a hydrogeological reconnaissance 
of Smith Valley focusing upon the water use period of 1953 to 1972. 
Their intent was to quantify all water resource aspects of the basin 
including the hydrogeology, basin inputs and outputs, water use, water 
quality, and an evaluation of future water supply.
Rush (1976) also studied water requirements of alfalfa in Smith 
Valley. Detailed water use measurements were made while attempting 
to attain optimum crop yields per unit of net water requirement. Results 
showed that water use was approximately 130 percent of computed, 
theoretical irrigation and leaching requirement.
Sharp, Krater, and Associates (1975) reviewed hydrology and water 
rights use of the Walker River System. They examined historical river 
flow water right use and analyzed the possibility of single entity control 
over surface irrigation water. This study, funded by the WRID, was to 
be used as a basis for investigating possibility of constructing an additional 
storage structure on the river system.
Mrowka (1974) examined relationships between the surface hydrology 
and geomorphology of the Walker River Basin. Specifically, a relationship 
was formulated between stream width, depth, and velocity; and stream 
discharge-at-a-station.
The State Engineers Office (1973) authored a Water Resource Use 
Planning Report for the Walker River Basin, as a segment of the Nevada 
Water Plan. The study investigates several water use management alter­
native plans with respect to water supply, water quality, and area impact.
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Sharp, Krater, and Associates (1969) investigated the hydrology of 
the West Walker River in respect to a possible irrigation water storage 
dam at Hoye Bridge. This report included an analysis of benefits and 
costs.
The U.S. Department of Agriculture, Nevada River Basin Survey 
Staff (1969) authored a reconnaissance report on water and related land 
resources of Walker River Basin. The aim of this report was to evaluate 
resources ot the basin and to speculate upon the benefits of further 
development.
Domenico, et al (1966) examined economic and physical aspects of 
conjunctive pumping in Smith Valley. Their findings supported the specula­
tion that there is sufficient groundwater to support a conjunctive irrigation 
policy in Smith Valley. They further suggest that an administrative 
mechanism, by which the entire hydrologic system can be managed, would 
be necessary to achieve optimal water utilization.
The California Department of Water Resources (1964) investigated 
water resources of the California portion of Walker River Basin. Water 
supply, requirements, quality, and potential water storage sites were 
examined.
The U.S. Bureau of Reclamation (1955, 1964) authored two reports 
investigating feasibility of water supply development on the Walker River 
System. Major emphasis of their reports was on siting, benefits, costs, 
and associated subjects to the construction of additional storage reservoirs.
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The Donald R. Warren Co. (1953-1954) prepared six reports on aspects 
ot the surtace water hydrology, and reservoir siting and construction. It 
was their intent to determine the feasibility of providing additional 
irrigation water storage on the Walker River.
Loeltz and Eakin (1953) authored a reconnaissance report on the 
hydrogeology ot Smith Valley. Although qualitative in nature, this study 
was the tirst to consider the groundwater aspects of Smith Valley.
Ot limited use, due to age, are three reports dealing with water 
supply, storage, flood control and power generation. These are by the 
U.S. Army Corps of Engineers (1942), U.S. Department of Agriculture, 
Division ot Land Economics (1941), and Blomgren (Indian Irrigation Service, 
1927).
In addition to the above reports, there have been reconnaissance 
reports published about some of the neighboring basins. These include 
Glancy (1971) on Antelope Valley and the East Walker area; Rush and 
Hill (1972), a bathymetric reconnaissance of Topaz Lake; Huxel (1969) on 
Mason Valley; and Everett and Rush (1963) on the Walker Lake area.
History of Smith Valley Water Resource Development and Use
Smith Valley was first inhabited by non-Indians in 1859 when a party 
of herdsmen from California, including R. B. and T. B. Smith, for whom 
the valley was named, decided that it would be a good place to winter 
their stock. In the following year, J. B. Lobdel settled in the valley and 
in the spring of 1861 planted the first crop. This crop was irrigated with 
water from Desert Creek (Loeltz and Eakin, 1953, p. 5).
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By 1881, a number of irrigation ditches had been dug and the 
agricultural industry of the area owed its development to foodstuff needs 
of the nearby mining camps. The agricultural industry continued to grow 
into the 20th century.
In 1919 a culmination of water rights conflicts led to establishment 
of the WRID. It was the district's purpose to administer water rights of 
the newly set forth Decree 731. At this time natural flow of the river 
was considered entirely appropriated. In 1922 construction on Topaz 
Reservoir in Antelope Valley was completed and storage of water began. 
The reservoir, owned and operated by WRID, had a usable capacity of
45,000 acre-feet. This allowed further agricultural development in the 
area.
In 1924 the United States, on behalf of the Walker Lake Paiute 
Tribe, brought suit to determine relative rights of the Indians and upstream 
users. The result of this action, Decree C-125 (104 Fed 2nd 334, 1939), 
defined rights of Indians and recognized Decree 731 (Cal. Dept, of Water 
Resources, 1964, p. 51).
In 1937, the WRID increased Topaz Reservoir capacity to the present 
volume of just short of 60,000 acre-feet. Subsequent to this, the use of 
surface water fell into a more or less fixed pattern (Loeltz and Eakin, 
1953, p. 7).
Aside from small domestic and stock wells, the first development 
of groundwater occurred in 1948 with the drilling of several large irrigation 
wells. Development and use of groundwater in Smith Valley has continued 
to grow to the present.
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Due to infiltration and added recharge of the surface water imported 
into Smith Valley tor irrigation purposes, there has been a substantial 
water level rise since the early 1920's (Loeltz and Eakin, 1953, p. 29-34). 
This rise was seen to taper off and in some cases the water levels have 
declined since the late fifties and early sixties. The attainment of a 
new hydrologic equilibrium, several drought episodes, and an increased 
pumpage of groundwater may have contributed to the end of the water 
level rise (Rush and Schroer, 1976, p. 22).
At the present time (1978), approximately 29,000 acres are cultivated 
in Smith Valley, requiring approximately 100,000 acre-feet of irrigation 
water. As seen in previous studies on Smith Valley and the Walker River 
System, there has been much interest in constructing additional surface 
water storage structures. This interest is still alive, as the farmers and 
ranchers would prefer to have added protection against surface water 
shortages. If such structures were constructed, perhaps there could be 
a small increase in the irrigated acreage of Smith Valley and the Walker 
Basin as a whole.
Economic Aspects
Primary industry in Smith Valley is agriculture. Approximately half 
the crop land is irrigated pasture and the other half is planted in harvest 
crops (Sharp, Krater, and Assoc., areal photos for WRID, 1973). Harvest 
crops are primarily alfalfa and other hays (Nevada State Engineer's Office, 
1974, Report No. 8, p. 6). At times, a cereal crop is used in rotation 
with alfalfa and as a soil developer prior to the establishment of alfalfa.
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In all cases, irrigation is a must.
Cost of irrigation water in Smith Valley ranges from approximately 
$1.00 per acre-foot for surface water from certain ditches to almost 
$10.00 per acre-foot for groundwater with a pumping lift of approximately 
200 feet. Cost of groundwater is dependent upon cost of electricity and 
pumping lift. Cost of electricity for agricultural irrigation over the last 
few years has ranged between $0,033 and $0,034 per kilowatt hour plus 
a fixed charge of $1.60 per month per connection (Sierra Pacific Power 
Co.). This results in approximately $5.00 an acre-foot for a pumping lift 
of 100 feet and approximately $10.00 an acre-foot for a lift of 200 feet.
Cost of surface water depends upon the particular ditch which 
transports the water. Most ditches charge approximately $2.00 per acre, 
giving an apportionment of 2.0592 acre-feet per acre, resulting in $0.97 
per acre-foot. The most expensive ditch, the Saroni Canal, charges $4.71 
per acre, resulting in $2.29 per acre-foot. Figure 3-5 shows the relative 
costs of surface water and groundwater, and relationship between pumping 
lift and power cost. From Figure 3-5, it is obvious that surface water 
is cheaper in all cases except for flowing wells and very shallow water 
levels.
Recently, price of alfalfa hay has been approximately $55.00 per 
ton. A crop yield of between 3.5 and 4.5 tons per acre is reasonable 
for this area. This yields approximately $200 to $250 per acre of gross 
revenue. Operating costs of 160 acre ranch in Gardnerville, Nevada, 
approximately 25 miles west of Smith Valley, were determined for the 
1978 season by Myer and Mahana, College of Agriculture, University of
$ 6 . 6 4  (200 KWH)
C o s t  t o  
Pump One 
A c r e - f o o t  
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FIGURE 3-5
R e l a t i v e  C o s t s  o f  I r r i g a t i o n  W a t e r s ,  an d  
R e l a t i o n s h i p  B e t w e e n  P u m p in g  L i f t  a n d  C o s t tou>
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Nevada, Reno, and are shown in Table 3-1. The total operational cost 
was $258.93 per acre before addition of power costs to pump irrigation 
water. Clearly, this operation was run at a loss, say $250 of gross revenue 
compared to $258.93 ot operational expenses, excluding power costs. 
Power cost lor 3.5 acre-leet of water at 100 feet of pumping lift was 
about $20 per acre. This results in a net loss of approximately $30 per 
acre. It this ranch operation used a sprinkler irrigation system, there 
would be a higher water system cost due to the added expense of the 
sprinklers and a higher power consumption due to the needed 90 psi to 
run sprinklers. The operation costs of this studied ranch are thought by 
Myer and Mahana to be representative of the average operating costs in 
Western Nevada. Without cost of the well and pump, a profit can be 
realized, as in the case of ranches using 100 percent surface water. A 
somewhat smaller profit can also be returned if irrigation is done by both 
ground and surface water.
Cost of land grading is responsible for a significant part of the $115 
per acre water system cost. In the aforementioned example, Myers found 
that a total grading cost ot $32,000 for a 160 acre tract was probably 
average for western Nevada. However, there is most certainly a wide 
variance in the need to grade a piece of land. Cost of the well and 
pump for this example was assumed to be $23,000, which is probably low 
for current prices but reasonable for a well drilled ten years ago. With 
all this in mind, a rancher with a well, perhaps ten years old, and rather 
level land may not incur these same expenses and therefore, may turn a 
profit. This profit, most likely, will be rather marginal. When the need
25
TABLE 3 -1
OPERATIONAL COSTS OF FARMING, WESTERN NEVADA 1978 
(Dol lars  per Year pe r  Acre)
$ 8 1 . 0 0
$ 4 0 . 0 0
$ 1 2 . 6 4
$ 7 . 5 4
$ 2 . 7 5
$ 1 4 3 . 9 3
$ 1 1 5 . 0 0
$ 2 5 8 . 9 3
h a r v e s t i n g ,  s w a t h i n g ,  b a l i n g ,  s t a c k i n g  
f e r t i l i z a t i o n
c r o p  e s t a b l i s h m e n t  (5 y e a r  a m o r t i z a t i o n )
i n s e c t  c o n t r o l
h a r r o w i n g
s u b t o t a l
w a t e r  s y s t e m  (pump an d  w e l l )  a n d  g r a d i n g ,  
a p p r o p r i a t e l y  a m o r t i z e d
t o t a l
C o s t s  p e r  a c r e  f o r  a n  a l f a l f a  c r o p ,  u s i n g  pumped g r o u n d w a t e r  
b y  t h e  b o r d e r  s u r f a c e  i r r i g a t i o n  m e t h o d .  T h e s e  c o s t  d a t a ,  
c o m p i l e d  b y  Myer an d  M ahana ,  C o l l e g e  o f  A g r i c u l t u r e ,  
U n i v e r s i t y  o f  N e v a d a ,  R en o ,  f o r  a  r a n c h  i n  G a r d n e r v i l l e , 
N e v a d a .  W a t e r  c o s t s  b a s e d  upon one  w e l l  f o r  160 a c r e s .
arises to replace the water system and regrade, there may not be sufficient 
return over the amortization periods (30 years for grading, 20 years for 
a well, 15 years for a pump) to make such replacements. This situation 
points to potential problems, perhaps ten to twenty-five years away unless 
a remedy, such as an increase in the price of alfalfa can be found.
Faced with such an economic situation, a decision in the operation 
of a conjunctive irrigation system may have to be made as to whether 
it would cause less of a loss to let a crop succumb to drought or to 
pump expensive groundwater. This particular type of decision will not 
be reviewed here.
Conjunctive Irrigation and Nevada Water Law
Conjunctive irrigation practices, for the most part, are not in conflict 
with Nevada Water Law, assuming that both ground and surface water 
rights are perfected in accordance with the proper procedure. The one 
point of potential conflict relates to the fact that a water right, by law, 
must be appurtenant to a specific piece of land (NRS 533.040). This can 
manifest itself in several situations. If, at some time in the future, a 
decision were made to bring all groundwater supplies under a single 
managing entity, such as the WRID, all groundwater rights would have to 
be reapplied for, under the provisions of changing the place of use. The 
new place of use would have to be specified as the entire district, valley, 
or that area where the water would be most conceivably used. This 
situation may only provoke a procedural headache in altering the necessary 
paperwork. NRS 533.040 does exempt ditch and canal companies from
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the need to specify the exact place of use of the water. Broadening the 
definition of ditch and canal companies to include the distribution of 
underground waters by such an entity should be considered.
In the event that underground water resources of Smith Valley are 
never under the control of a single entity, conjunctive practices could 
exist, including the selling of water to a user with insufficient supplies 
from one who has more than a sufficient amount. The situation could 
be similar to this; a rancher with a senior surface water right and a 
conjunctive groundwater right may find that the surface water is sufficient 
to meet his needs. A nearby rancher with junior surface water rights 
and no conjunctive groundwater rights may not have a sufficient supply 
due to a surface water shortage. The rancher with senior surface rights 
could then sell part or all of his surface water to the rancher in need. 
The rancher with senior rights could then pump conjunctive groundwater 
to satisfy his needs, and, of course, the selling price of the surface water 
would pay for pumping costs and perhaps include some profit for incentive. 
This transfer of water would, in effect, cause the use of water on land 
which it is not appurtenant to. This is a clear conflict with state water 
law and has been recognized as such by the State Engineer. Unless this 
problem can be alleviated by some legal relaxation of NRS 533.040 during 
drought periods, the only legal method of conjunctive irrigation mitigating 
drought situations without some kind of central managing entity, would 
be for every rancher to obtain his own conjunctive groundwater rights.
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CHAPTER FOUR
DETERMINATION OF GROUNDWATER PUMPAGE FOR IRRIGATION
1974-1977
Basis for Calculation of Actual Pumpage 
Irrigation well pumps in Smith Valley are primarily powered by 
electric motors. In the past, some well pumps have been diesel powered; 
however, they comprise a very small percentage. Electric power con­
sumption records for irrigation pumps were solicited from Sierra Pacific 
Power Company. Conveniently, Sierra Pacific maintains separate accounts 
for irrigation customers and has split Smith Valley into four meter reading 
routes (Numbers 0865, 0965, 1065, 1565) as shown in Figure 4-1. The 
individual monthly consumption of each irrigation customer in each route 
was requested. The request included the specific customer name and 
service address. However, in light of recent public and legal sentiment 
against the disclosure of private records, Sierra Pacific policy precludes 
providing customer names and service addresses. To protect customer 
privacy the company provided consumption of each customer, in each of 
the routes, and related them through time with an arbitrary and anonymous
identification number. The period of record of these data is from January,
\
1974 to December, 1977. Records prior to 1974 were not retrieved, as 
the expense in time was beyond the scope of this study. These consumption 
records are shown in Appendix D.
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FIGURE 4 - 1 .  S i e r r a  P a c i f i c  Pow er  Company S m i t h  V a l l e y  r o u t e s .
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The units of electrical power consumption are kilowatt hours. Kilo­
watt hours and foot-pounds are both units of work, and therefore the 
amount of water pumped can be calculated from the electrical power 
consumption. A foot-pound, the work of lifting one pound of water one
_7
foot, is equal to 3.679 x 10 kilowatt hours. Determining the weight 
of an acre foot of water and multiplying through with the proper conver­
sions leads to Equation 4-1:
acre-feet pumped = 0.976 x KWH x E Eq. 4-1
H
Where, KWH is the electrical power consumption of the pump; E is the 
efficiency of the pump; and H is the pumping lift.
Methods and Assumptions of Calculations
Knowing power consumption, it is then necessary to determine or 
estimate the efficiency and pumping lift. Pump efficiency, E, was 
estimated to average 65 percent. The normal efficiency range is about 
80 percent to 50 percent. Pumps less than 50 percent efficient are 
usually replaced. This efficiency term is for the pump motor and turbine, 
and not the well itself. Well efficiency must be included in the pumping 
lift.
Determining actual pumping lift is the most difficult part of cal­
culating pumpage. Pumping lift is the sum of depth to the water table, 
formation loss and well loss. A high degree of accuracy can be obtained 
when careful measurements are made to define pumping lift. Unfortunately 
for this study, however, all aspects of pumping lift are known only to a
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gross approximation. Depth to water measurements have been made in 
Smith Valley sporadically for many years. For the four years of the 
power consumption data, only during the last two, 1976 and 1977, are 
there any water level measurements, and these are limited in terms of 
numbers of measurements and basin-wide coverage (actual water levels 
used in this study are shown in Appendix C). These measurements were 
obtained by the Nevada State Engineer's Office from operating irrigation 
wells. this, then, implies that the measurements during the irrigation 
season reflect the pumping lilt in the particular observation well, but not 
the average water level in the vicinity.
Because service addresses for power consumption were not available, 
power usage was aggregated for each route. However, even if it had 
been possible to identify individual wells, the gain in accuracy would have 
been offset by the poor water level measurements. The available ob­
servation wells have, at most, several measurements. Therefore, it was 
necessary to interpolate for the missing records. In the above normal 
years of 1974 and 1975, no measurements were made, therefore the water 
levels were approximated as being similar to the years on record, but 
with smaller water level declines. Faced with the problem of lack of 
data, and the fact that the difference between the available water level 
measurements for each route was not very significant, an averaging 
approach was taken. Available water level measurements and interpolated 
and extrapolated values were averaged for each route. Since the observa­
tion wells were also operating irrigation wells, the water level data were 
transformed into a better approximation of the water table.
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Rush and Schroer (1976, p. 66) found that water table decline 
throughout the developed areas of Smith Valley was at most 25 feet in 
1972. Declines of measured levels are seen to be on the order of 50 to 
100 feet. It was decided then, to attenuate the water level measurements 
to an approximate depth to the water table.
In order to estimate the average drawdown in the wells of Smith 
Valley, an approach using specific capacity was used. Using some gross 
assumptions, Rush and Schroer (1976, p. 19) relate transmissivity to specific 
capacity by equation 4-2:
Specific capacity = T/2000 Eq. 4-2.
Where T is transmissivity in gallons per day per foot. In this way, the 
transmissivity map of Smith Valley can be used to estimate specific 
capacity. Assuming that 1,000 gallons per minute is an average irrigation 
pump discharge and dividing it by the specific capacity will yield the 
formation loss of the well. Total drawdown in a well is the sum of 
formation loss and well loss. Total drawdown can then be estimated from 
an assumed well efficiency. Dividing the formation loss by the well 
efficiency will yield the total drawdown.
An additional component of pumping lift is the head required to 
drive a sprinkler system. Approximately 90 psi is required, which translates 
to an additional 207.63 feet of pumping lift. Mr. Bruce Rice (Personal 
Communication, 1978), of the Nevada State Engineer's Office estimated 
that approximately 32 percent of the land of the southernmost route,
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#0965; 4 percent of route #1065; 25 percent of route #1565; and 60 
percent of the land of the northernmost route, #0865 is irrigated with 
sprinklers. The average pumping lifts of each of the routes were pro­
portionately increased to account for this added lift.
Considering the estimates and assumptions needed to determine the 
pumping lifts, it can easily be believed that the "averaging approach" to 
calculating a pumpage for each of the Sierra Pacific routes will yield as 
confident a pumpage estimate as would an individual, well by well approach. 
In calculating, it was assumed that irrigation took place from March 
through, and including, November only. All other electrical consumption 
was assumed to be for other purposes. November is not usually considered 
as within the irrigation season, however, billing and, consequently, meter­
reading may lag as much as a half a month behind the actual consumption. 
Therefore, the November bill may contain some October consumption and 
must be included. It was also assumed that February use, contained 
within the March consumption was insignificant.
Results; Smith Valley Irrigation Pumpage, 1974-1977
Results of calculations for annual pumpage are tabulated in Table
4-1 by Sierra Pacific route number. The monthly distribution of pumpage 
is shown graphically in Figure 4-2A, B, C, and D. Figures 4-2A and B 
show pumpage north of the river, and Figures 4-2C and D show pumpage 
south of the river. March through November pumpage is plotted on these 
figures.
The estimated pumpage north of the river is probably conservative 
because there was no recorded electric consumption for route #1565 in
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TABLE 4 -1
C a l c u l a t e d  S m i th  V a l l e y  g r o u n d w a t e r  pumpage 
f o r  i r r i g a t i o n ,  1974 t o  1977 
( a c r e - f e e t )
R o u te 1974 1975 1976 1977
0965 4 8 0 0 . 4100 . 8 1 00 . 9 2 0 0 .
1065 1800 . 1700 . 9 9 0 0 . 1 1 8 0 0 .
1565 o • o 2 200 . 5700 . 7300 .
0865 3800 . 2000 . 6 300 . 8 2 00 .
T o t a l 1 0 4 0 0 . 10000 . 3 0 0 0 0 . 36 5 0 0 .
2 0 0 0
Pumpage
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1974. It is most likely that data are missing rather than there being no 
pumpage that year. Route #1565 has approximately 1,900 acres of land 
with appurtenant groundwater rights. Approximately 75 percent of the 
land is non-conjunctive. This is approximately 1,400 acres. Assuming a 
minimal irrigation duty of two acre-feet per acre, approximately 2,800 
acre-feet of water should have been pumped. The calculated pumpage 
for this route in 1975 is more reasonable, at 2,200 acre-feet. Since 1975 
and 1974 were not drought years, pumpages were probably low, but not 
non-existant. Therefore, it is believed that the pumpage from route #1565 
in 1974 was probably around 2,200 acre-feet. The WRID indicated that 
in 1975 groundwater was not extensively pumped. In 1974 the total 
surface water deliveries were larger than in 1975, but groundwater land 
would not have benefited from this, so the pumpage should have been 
similar for both years. The 1976 and 1977 calculations for route #1565 
pumpage yield better results. In 1977, due to the drought, pumpage should 
have been very close to the maximum permitted. Route #1565 has 
approximately 7,600 acre-feet of groundwater rights. The 7,300 acre-feet 
calculated for 1977 compares very favorably to that figure. In 1976, 
more surface water was available so the pumpage would be reduced 
somewhat, as shown by the calculations.
Calculations for pumpage in other routes produced believable figures. 
The northernmost route, #0865, has rights in excess of the amount 
calculated to have been pumped in 1977. Route #0865 has approximately 
6,500 acres of groundwater land (26,000 acre-feet of groundwater rights); 
however, only 8,000 acre-feet were estimated to have been pumped in
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1977. This difference may be explained in part by the fact that many 
of the groundwater rights are very new, and the price of alfalfa hay was 
low enough to make an operation dependent upon groundwater, unprofitable.
Results of calculations in the two other routes (#0965 and #1065) 
compare favorably with the water rights, although in 1977 route #1065 
was calculated to have pumped more than their rights (11,800 acre-feet 
pumped, as compared to 10,089 acre-feet of rights). An overestimate of 
the depth to water in the calculations could have caused this discrepancy. 
The interpretation of these results for route #1065 should be that pumping 
was probably close to the permitted groundwater rights.
WRID has, in the past, estimated pumpage in both Smith and Mason 
Valleys by contrasting the Lyon County average monthly winter power 
revenue to each of the revenues of the irrigation season months. It is 
assumed that the difference is due to agricultural use, which would be 
primarily irrigation pumping. This difference is then divided by the 
estimated average cost to pump an acre-foot of water. The pumpage 
estimate by this method for 1976 was 65,000 acre-feet for both valleys. 
An approximate 60-40 split between the valleys, based upon relative water 
rights, yields 25,000 acre-feet pumped for Smith Valley. This figure is 
conservative as compared to the 30,000 calculated by this author. WRID 
has indicated that their estimate was probably low (notes of phone 
conversation, WRID and Nevada State Engineer's Office, 1977). WRIDs 
estimate for 1977 was 36,000 acre-feet. This compares favorably with 
the 36,400 acre-feet estimated here.
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In summary, the amounts of irrigation water pumped in Smith Valley 
as calculated by this report are thought to be reasonable estimates. The 
1974 pumpage figures should be increased to contain an approximate 2,200 
acre-feet pumped from route #1565. This would result in an estimated 
12,700 acre-feet of water pumped in 1974 from Smith Valley. WRID's 
estimates seem to be a bit conservative compared to the estimates in 
this report. However, the former are sensitive to error in the estimate 
of the cost to pump an acre-foot of water.
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CHAPTER FIVE
DEVELOPMENT OF SYSTEMS MODEL
Overview of Water Resource System 
In order to examine the effects of pumpage management policies, 
other than historical, on the Smith Valley water resource system, a systems 
model was developed. Of primary concern was the status of groundwater 
storage over a time period of sufficient length to observe the responses 
of groundwater storage to various climatic situations, including drought.
For purposes of this study, Smith Valley was divided into four 
subbasins or zones, based upon general groundwater flow directions, as 
shown in Figure 5-1. Groundwater flow in the area south of the river 
is generally to the north towards the river. This subbasin is referred to 
as zone one. In the area just north of the river groundwater flow is also 
towards the river, but to the south. This area is referred to as zone 
two. Zone two has its northern terminus at the groundwater divide. This 
groundwater divide probably moves in areal location in response to pumping 
and climatic fluctuations. For the purposes of this model it was assumed 
to be fixed in location. The area north of the groundwater divide, with 
northern terminus at Artesia Lake, is referred to as zone three. Ground- 
water flow in this zone is generally from the divide to Artesia Lake. 
The fourth, and most northern zone, encompasses flow from the Buckskin 
range to Artesia Lake.
FIGURE 5 - 1 .  S m i t h  V a l l e y  s u b b a s i n s  o r  z o n e s  b a s e d  upon 
g r o u n d w a t e r  f l o w .
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Each of the described zones is bounded by recharge or discharge 
areas, a recharge area being detined as an area which is a source of 
groundwater, such as the surrounding mountains or the groundwater divide. 
A discharge area is defined as a groundwater sink, or an area where 
groundwater is being removed or consumptively used, such as Artesia Lake 
where groundwater is evaporated. The areas in between the recharge 
and discharge areas can be termed as transitional; however, recharging 
or discharging does occur but not at the same scale. The West Walker 
River, depending on the water table elevation in the vicinity, can either 
be recharging or discharging in nature. Normally, however, the river acts 
as a discharge area, as it is a gaining river through Smith Valley. In 
this way, all four zones have a recharging area at their up-flow end and 
a discharging area at their down-flow end. For simplicity, these zones 
can be imagined as four cells.
Modeling with respect to groundwater storage was accomplished by 
an accounting of the recharges and discharges (inputs and outputs) to each 
zone. The basic recharge elements are; recharge from precipitation, 
primarily from the surrounding mountains; infiltration of irrigation water 
not consumed by crops; and infiltration of water from the various irrigation 
canals and ditches. Basie discharging elements are; evapotranspiration by 
phreatophytes; evaporation from bare soil and open water; and the pumping 
of groundwater. As mentioned before, the river can be either a recharging 
or discharging element, depending on the status of the water table in the 
vicinity of the river. The effect of the river is primarily on zones one
45
and two. The relationship between each zone can also have a recharging 
or discharging effect. A difference in the average water level elevations 
in two adjoining zones may motivate an interzonal flow of groundwater. 
This would, then, discharge the higher levels and recharge the lower levels. 
Figure 5-2 summarizes the interrelationships, recharging elements, and 
discharging elements of Smith Valley.
Having examined the intra-basin system of the four zones which 
comprise Smith Valley, the necessary parts of the regional inter-basin 
surface water system of the West Walker River must be included as well. 
The West Walker River discharge at Coleville, California, provides the 
unregulated input streamflow from the headwaters area. All significant 
diversions occur downstream of this point. This is the starting point of 
the surface water distribution scheme of the model. Antelope Valley, 
the first large basin on the West Walker River is also the first area of 
agricultural development and demand for irrigation water. This valley 
lies just upstream from Smith Valley. Antelope Valley has significant 
irrigation rights to the natural flow of the river and also contributes a 
significant return flow, groundwater discharge, and ephemeral streamflow 
to the river. Topaz Reservoir, located in the downstream end of Antelope 
Valley, is the major storage reservoir for the West Walker River. However, 
the majority of the irrigable lands of Antelope Valley lie upstream from 
Topaz and therefore do not use the stored water. Downstream from 
Smith Valley is Mason Valley, the largest and most developed of the basins 
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ol the West and East Walker Rivers. After flowing through Mason Valley, 
the main Walker River flows into Walker Lake in the next valley down­
stream. The demands for surface water downstream from Mason Valley 
are small. Due to the complex nature of the Mason Valley groundwater 
system and the limitation ol this report, these demands are not to be 
considered. It was assumed that these demands could be met, at least 
in volume, by the return flows and groundwater discharge from Mason 
Valley. These downstream demands include the Indian Reservation at 
Schurz, Nevada.
Operationally, the model proceeds by monthly time increments for 
20 years. The model begins a monthly time step with a West Walker 
River monthly discharge. This discharge is derived from a choice of 
historical, simulated, or contrived data. For irrigation season calculations, 
the return flows and groundwater discharges from Antelope and Smith 
valleys are predicted and summed with the Coleville discharge to become 
the available irrigation water. This available water is then distributed 
accordingly amongst the various demands. If sufficient water is available, 
Topaz Reservoir can then be filled. The necessary storage water from 
Topaz Reservoir is also released to meet demands. Within Smith Valley 
the necessary demands on groundwater are met by pumping. In the event 
of deficient surface water to Smith Valley, conjunctive pumping is allowed 
up to the chosen limit. The discharging elements, including pumpage, are 
subtracted from groundwater storage and the recharging elements are 
added. The result of the time step is an end of the month groundwater 
storage volume for each zone. During the non-irrigation season, a
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minimum stream tlow oi 500 acre-feet per month is maintained below 
Coleville and the balance ol the stream tlow is routed into storage at 
Topaz Reservoir. The recharging and discharging elements are added or 
subtracted, as the case may be, again resulting in an end of the month 
storage volume lor each zone. This sequence continues month by month 
lor the 20 year duration. All references to groundwater storage are 
relative to an arbitrary initial zero value, rather than an absolute value. 
The storage is allowed to be negative, implying storage volumes less than 
the initial volume. Unfortunately, a lack of data did not allow the model 
to work with absolute storage volumes, which would have significance 
when using historical stream discharges to calibrate the model. Appendix 
E contains the documentation, flow chart, and actual computer program 
listing of the model. In the following text, the relationships and methods 
of evaluation of each significant element of the model are discussed in 
detail.
Decreed Flow and Storage Rights
There are two types of surface water rights in Smith Valley; decreed 
flow rights and storage rights. A decreed flow right is the right to use 
a particular volume of the natural stream flow. This right is obtained 
under the doctrine of prior appropriation, where the senior user of water 
has the superior right. In Walker River, the court has adjudicated the 
respective rights of all concerned parties under Decree C-125 (U.S. v. 
WRID et al, 1936). A storage right is the right to use a share of the 
water stored in a reservoir. In Smith Valley, storage water is held in 
Topaz Reservoir.
49
Decreed flow rights are administered by a federally appointed water 
master, and storage water is administered by WRID. During a period of 
insufficient natural streamflow some, most, or all decreed flow right 
holders may not receive their water. Streamflow is distributed, on demand, 
starting with the oldest right first. A senior right holder may receive 
100 percent of his water, whereas a junior right holder may receive none. 
Contrary to the decreed flow policy, if the storage reservoir is unable 
to deliver a 100 percent apportionment of its water, then all storage 
right holders receive an equal fraction of available water. A summary 
of the water rights to the West Walker River and Topaz Reservoir is 
shown in Table 5-1.
In Mason Valley, below the confluence of the East and West Walker 
Rivers, the decreed flow rights are to the Walker River as a whole. In 
order to separate out the needed contribution of West Walker flow, it 
was assumed that the flow of the Walker River is comprised of 60 percent 
West Walker River flow and 40 percent East Walker River flow. This 
division of the main streamflow is borne out, in general, by the stream 
gage records. The Walker River rights were then split in this manner. 
The breakdown, by zone and source, of the surface water rights appurtenant 
to Smith Valley are shown in Table 5-2.
In all cases, a water duty of 3.5 acre-feet per acre was used as 
the basis for irrigation water demands. Rush (1976, p. 9) found that 
between 3.0 and 3.5 acre-feet per acre was adequate tor irrigation of 
alfalfa in Smith Valley. The Nevada State Engineer allows 4.0 acre-feet 
per acre for all irrigation groundwater rights in the Smith Valley area.
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TABLE 5 -1
SURFACE WATER RIGHTS TO THE WEST WALKER RIVER
D e c r e e d R i g h t s  a
—
A n t e l o p e  V a l l e y 6 0 3 4 8 .6 7  a c r e - f e e t
S m i t h  V a l l e y 3 1 4 0 1 .4 9
Mason V a l l e y b 6 7 2 8 7 .8 3
T o t a l c 1 5 9 0 3 7 .9 9
S t o r a g e  R i g h t s ( F i r s t  F i l l )  d
S m i t h  V a l l e y 2 7 7 1 7 .2 7  a c r e - f e e t
Mason V a l l e y  
an d
A n t e l o p e  V a l l e y
2 0 8 9 5 .2 2
T o t a l 4 8 6 1 2 .4 9
a .  C a l c u l a t e d  a t  3 . 5  a c r e - f e e t  p e r  a c r e .
b .  I n c l u d e s  60% o f  m a in  W a lk e r  R i v e r  r i g h t s .
c .  Does n o t  i n c l u d e  r i g h t s  down s t r e a m  o f  Mason V a l l e y .
d .  S t o r a g e  r i g h t s  t o  Topaz  R e s e r v o i r .
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TABLE 5-2
SURFACE WATER RIGHTS OF SMITH VALLEY SUBBASINS OR ZONES
( A c r e - f e e t  o r  A c r e s )
Zone One Zone Two Zone T h r e e
D e c r e e d  A c r e a g e 4 5 37 . 1624 . 2 0 6 1 .
S t o r a g e  A c r e a g e 6 3 51 . 2700 . 3044 .
T o t a l  A c r e a g e 10 8 8 8 . 4324 . 5 1 0 5 .
D e c r e e d  V olum e a 1 5 8 7 9 . 5685 . 7 2 13 .
S u p p l e m e n t a r y  
D e c r e e d  Volume 1 4 1 9 . 356.
1 4 5 7 .
S t o r a g e  Volume b 1 2 7 0 4 . 5508 . 6 2 73 .
T o t a l  S u r f a c e  
W a t e r  Volume 30 0 0 2 .
11549 . 1 4 9 4 3 .
a .  D e c r e e d  v o lu m e
b .  S t o r a g e  r i g h t s
d e t e r m i n e d  w i t h  d u t y  o f  3 . 5  AF/A. 
f o r  f i r s t  f i l l .
Topaz Reservoir Operation
Topaz Reservoir exists to store West Walker River water during the 
non-irrigation season, in excess of stock-watering requirements; during 
periods of streamflow in excess of the decreed flow rights in irrigation 
seasons; and during times of flood flow (U.S. v. WRID, Decree C-125, 
1936). Topaz Reservoir is owned and operated by WRID. Each acre of 
land, with appurtenant storage water rights, is apportioned 2.059 acre-feet 
of water on the first fill of the reservoir, as in the case of a full reservoir 
at the beginning of the irrigation season. In some special cases, a duty 
of less than 2.059 acre-feet per acre has been apportioned and in certain 
cases a decreed flow right was supplemented by a storage right. If, 
during the course of the irrigation season, the streamflow is sufficient 
enough to meet all decreed right demands and still have excess, the 
reservoir may be refilled to the amount of a second filling. This would 
then supply an apportionment of 4.118 acre-feet per acre. This amount 
is more than sufficient to meet the 3.0 to 3.5 acre feet per acre needs 
of alfalfa. Topaz Reservoir is operated on a demand basis, where a 
storage rights holder will request a release at times of his own choosing. 
There are no restrictions upon the amount of storage that must be retained 
from season to season.
The Distribution of Irrigation Rights in the Model 
The distribution of natural streamflow is a function of how much 
water is available. For West Walker River, the amount of streamflow 
at Coleville will not represent all of the water available to irrigators. 
The return flows, groundwater discharge, and ephemeral streamflow to
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the river will increase the amount of water available. Actual operation 
of the reservoir on a day to day basis allows one to get a feel for the 
return flows, etc., for the upcoming day, or at least one could measure 
them. However, tor the purposes of developing a model based upon a 
time increment ot one month, it is necessary to estimate the month's 
return tlows trom all sources in order to represent the amount of irrigation 
water available.
Beginning the model with a monthly Coleville discharge, the amount 
ot irrigation water available is the sum of this discharge and the predicted 
Antelope Valley land Smith Valley total return flows. The distribution 
of the available decreed water is then obtained from the priority chart, 
Table 5-3. Finding the largest total demand, which is less than or equal 
to the available decree flow will indicate the priority level in which the 
distribution of annual needs of Antelope Valley, the three zones using 
surface water in Smith Valley, and the demands in Mason Valley attribut­
able to the West Walker are shown. Any remaining decreed flow could 
be divided proportionately to each area. When the available water is 
greater than the decreed flow demands, then Topaz Reservoir could be 
filled. The figures in Table 5-3 are the annual demands. The actual 
monthly demand is calculated using the use distribution of decreed flow 
as shown in Table 5-4. These distributions have been calculated by 
averaging the monthly percentage of the total irrigation water deliveries.
Modeling the distribution of storage water to storage right holders 
is easier than handling the distribution of decreed flow, as the contents 
of the reservoir are divided evenly. . Each monthly storage release is
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ABLE 5 - 3
, DECREE  C - 1 2 5  P R I O R I T Y  CHART 
ANNUAL WtS.  WALKER R I VE R  RIGHTS ( A C R E - F E E T )
PRIORITY tota l ZONE ZONEYEAR ONE TWO
1914 1 5 9 0 3 8 . 16571 . 7 4 6 4 .1912 1 5 8 3 6 8 . 16571 . 6 7 9 3 .1910 1 5 7 8 9 1 . 16571 . 6 7 9 3 .1909 1 5 7 0 3 2 . 16571 . 645 0 .1906 1 5 6 9 8 6 . 16571 . 6 4 0 4 .1905 1 5 6 9 4 9 . 16571 . 6 4 0 4 .1904 1 5 2 2 8 5 . 16571 . 6 4 0 4 .190 3 1 5 2 1 0 7 . 16571 . 6404  .1902 1 5 1 9 3 3 . 16571 . 64 0 4 .1901 1 5 0 5 2 2 . 16571 . 640 4 .1900 1 5 0 4 9 5 . 16571 . 6 4 0 4 .
1899 1 4 6 1 7 6 . 16 4 8 8 . 6 4 0 4 .
1898 1 4 5 9 1 4 . 16488 . 6 4 0 4 .1897 1 4 5 7 1 9 . 16 4 8 8 . 6 4 0 4 .
1896 1 4 3 6 5 4 . 15 5 7 6 . 6 4 0 4 .
1895 1 4 3 1 9 2 . 15576 . 6 4 0 4 .
1894 1 4 0 6 5 5 . 15576 . 6 4 0 4 .
1893 1 4 0 4 9 6 . 15 5 7 6 . 6 4 0 4 .
1 892 1 4 0 4 6 8 . 15576 . 6 4 0 4 .
1 891 ) 3 9 7 7 6 . 15431 . 6 4 0 4 .
189 0 1 3 8 7 7 0 . 15 1 8 4 . 640 4 .
1889 1 2 9 6 9 6 . 14996 . 5 9 0 9 .
1888 1 2 9 1 7 0 . 14996 . 5 9 0 9 .
1887 1 2 8 8 6 0 . 14996 . 5 9 0 9 .
1886 1 2 8 7 3 6 . 14996 . 5 9 0 9 .
1885 1 2 7 3 1 5 . 14996 . 5 9 0 9 .
1884 1 2 1 6 9 0 . 14294 . 5 7 0 3 .
1883 1 2 0 9 1 8 . 13899 . 5 6 4 4 .
1 882 1 1 9 8 5 7 . 13607 . 5 6 4 4 ,
1881 1 1 3 3 1 8 . 13445 . 5544  .
1880 1 1 3 2 4 3 . 13 4 4 5 . 5 5 4 4 .
1879 1 0 3 6 8 9 . 13058 . 4 3 9 9 .
1878 1 0 0 8 7 6 . 13058 . 4 3 9 9 .
i 877 8 7 6 1 7 . 9 2 9 3 . 4 3 9 9 .
1876 8 2 0 0 6 , 6 8 1 9 . 4 3 9 9 .
1875 8 1 3 8 9 . 6 8 1 9 . 4 3 9 9 .
1874 76541 . 6 4 4 7 . 4 1 9 3 .
1873 7 1 2 4 0 . 6 4 4 7 . 4 1 9 3 .
i 87? 6 9 8 9 2 . 6 4 4 7 . 4 1 9 3 .
1871 6 4 2 0 3 . 6 4 4 7 . 4 1 9 3 .
1870 6 3 6 8 7 . 6 4 4 7 . 4 1 9 3 .
1869 5 8 0 3 3 . 6 4 4 7 . 3 5 7 4 .
1868 5 6 2 6 3 . 644 7. 3 4 7 9 .
1866 5 2 3 8 3 . 6 1 7 3 . 3281 .
1865 5 0 9 8 6 . 5 5 1 8 . 3281 .
1864 4 8 2 8 9 . 4446 . 3281 .
1863 2 4 7 9 9 . 2 8 0 0 . 19u2 .
1862 4081 . 2 6 . 3 8 .
1861 4 3 3 . 0 21 .
ZONE
THREE
7 3 6 7 .  
7 3 6 7 .  
6 8 9 0 .  
6 3 7 4 .  
6 3 7 4 .  
6 3 7 4 .  
6 0 0 3 .  
60 0 3 .  
6 0 0 3 .  
60 0 3 .  
6 0 0 3 .  
5H79. 
5 8 7 9 .  
5 8 7 9 .  
5 8 7 9 .  
5 8 7 9 .  
4 8 9 0 .  
4 8 9 0 .  
4 8 9 0 .  
4 8 9 0 .  
4 8 9 0 .  
188 .  
1 8 8 .  
188 .  
188 .  
188 .  
188 .  
188 .  
1 8 8 .  
I B S .  
1 8 8 .  
188 .  
1 8 8 .  
188 .  
188 .  
1 8 8 .  
1 8 8 . 
1 8 8 .  
1 8 8 .  
1 3 8 .  
1 8 8 .  
1 8 8 .  
1 8 8 .  
1 6 2 .  
1 6 2 .  
1 6 2 .  




DISTRIBUTION OF IRRIGATION SURFACE WATER USE 
THROUGHOUT GROWING SEASON
Month
P e r c e n t  o f  
D e c r e e d  W a te r  
A n n u a l  T o t a l  a
P e r c e n t  o f  
S t o r a g e  W a t e r  
A n n u a l  T o t a l  b
A p r i l 1 3 . 7.
May 2 3 . 19 .
J u n e 2 6 . 18 .
J u l y 17. 26 .
A u g u s t 1 1 . 18 .
S e p t e m b e r 7. 1 0 .
O c t o b e r 3. 2 .
a .  From S h a r p ,  K r a t e r ,  a n d  A s s o c i a t e s ,  1975 ,  Pg .  17 .
b .  From WRID r e c o r d s .
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fixed, as far as the model is concerned, as the demand remains constant. 
The annual total demand multiplied by the monthly percent found in Table
5-4 tor storage yields the actual release. It' the contents of the reservoir 
are not sufficient to meet the demand, then what is remaining will be 
divided evenly. The reservoir storage volume is allowed to go negative, 
as the entire storage volume ot the reservoir is not usable. Evaporation 
can cause the usable storage to go below the usable level of zero. For 
every monthly interval, the evaporation loss is deducted from the reservoir 
storage volume. Table 5-5 shows the monthly evaporation rate for Topaz 
Reservoir.
Groundwater Rights
Groundwater rights for irrigation in Smith Valley fall into two 
catagories: 1) rights on land with no other appurtenant rights; 2) ground- 
water rights on land that also has appurtenant surface water rights. Table 
5-6 outlines the groundwater rights appurtenant to Smith Valley.
The modeled demand for groundwater on land with no other appur­
tenant rights is constant, as from year to year it is assumed that the 
land will always be cultivated. The distribution of use throughout the 
season is assumed to be the same as the distribution ot storage water. 
Since both types of irrigation waters are available on demand, the dis­
tribution of use should at least be similar.
The use of conjunctive groundwater is limited to situations where 
surface water is insufficient. Since surface water is not as expensive as 
groundwater, surface water is used first. For purposes ot modeling
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TABLE 5 -5
EVAPORATION RATE AT TOPAZ RESERVOIR
J a n u a r y 0 .0 7 5 f e e t
F e b r u a r y 0 .0 9 0
M arch 0 .2 1 0
A p r i l 0 .2 4 2
May 0 .3 6 0
J u n e 0 .5 0 0
J u l y 0 .6 8 3
A u g u s t 0 .7 1 6
S e p te m b e r 0 .5 3 3
O c t o b e r 0 .3 2 5
N ovem ber 0 .1 8 3
D ecem ber 0 .0 8 3
T o t a l 4 .0 0 0 f e e t
S o u r c e :  WRID r e c o r d s .
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TABLE 5-6
SMITH VALLEY GROUNDWATER RIGHTS
T o t a l
G r o u n d w a te r  T o t a l
R i g h t s  G ro u n d w a te r  C o n j u n c t i v e  G ro u n d w a te r
( A c r e - f e e t ) A c re a g e A c re a g e A c re a g e
Zone One 2 7 7 4 4 . 7308 . 3569 . 3 7 38 .
Zone Two 7828 . 1 9 67 . 1044 . 9 2 3 .
Zone T h r e e 1 3 9 9 2 . 3739 . 2 3 22 . 1 4 1 7 .
Zone F o u r 1 1 0 0 4 . 2 7 1 0 . 0 .0 2710 .
T o t a l 6 0 5 6 8 . 157 2 4 . 6935 . 8 7 88 .
S o u r c e :  N e v a d a  S t a t e  E n g i n e e r ' s  O f f i c e  R e c o rd s
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different pumping strategies, a limit can be placed on the maximum 
conjunctive pumping in a season.
The duty placed upon groundwater is assumed to be the same as 
upon surface water, 3.5 acre-feet per acre.
Determination of Recharge to the Groundwater System
Estimating recharge to the groundwater system in Smith Valley is 
quite difficult as there have never been any quantitative recharge studies. 
A method was established by Maxey and Eakin in the late forties and 
early fifties that relates recharge to the amount of average annual 
precipitation for a basin (Watson et al., 1976). Throughout Nevada, average 
annual precipitation is proportional to elevation: the higher the elevation, 
the higher the average annual precipitation. A precipitation map for 
Nevada was developed by Hardman (1936). This map divides the state 
into six precipitation zones, based upon the average annual precipitation. 
The zones are; greater than 20 inches, 15 to 20 inches, 12 to 15 inches, 
8 to 12 inches, and less than 5 inches. Maxey and Eakin, in the course 
of studying 21 basins in Nevada (Smith Valley was not among these basins) 
found that estimated discharge of the basin could be balanced with certain 
proportions of the total precipitation of each applicable precipitation zone. 
This balancing was based upon the assumption that the basins were in a 
state of hydrologic equilibrium (Watson et al., 1976). The percentages 
of the precipitation found to account for recharge in each of the zones 
are shown in Table 5-7. The actual amount of recharge is determined 
by the product of the average annual precipitation, the acreage of the 
particular zone, and the applicable Maxey-Eakin percentages.
TABLE 5 -7
PRECIPITATION ZONES AND RECHARGE
P r e c i p i t a t i o n
Zone
( i n c h e s )
M ax ey -E ak in
R e c h a rg e
P e r c e n t a g e
>20 25
1 5 -2 0 15
1 2 -1 5 7
8 -1 2 3
<8 0
TABLE 5 -8
SMITH VALLEY PRECIPITATION ZONES AND RECHARGE 1 /
P r e c i p i t a t i o n
Zone
E l e v a t i o n  
( f e e t )
A v e ra g e
A n n u a l
P r e c i p i t a t i o n  
( f e e t )
A re a
( a c r e s )
A v e ra g e
A n n u a l
R e c h a rg e
( a c r e - f e e t )
9 0 0 0 -1 1 6 7 3 2 .0 12300 6200
8 0 0 0 -9 0 0 0 1 .5 15800 3600
7 0 0 0 -8 0 0 0 1 .1 33700 2600
6 0 0 0 -7 0 0 0 1 .1 31100 2400
4 5 4 6 -6 0 0 0 0 .8 69600 1700
T o t a l  a 17000 A F /Y r.
1* R s c h a r g e  i s  p r i m a r i l y  fro m  t h e  m o u n ta in s  b o r d e r i n g  on 
t h e  w e s t  s i d e  o f  S m i th  V a l l e y .
a .  I n c l u d e s  1000 A F /Y r .  f ro m  t h e  e a s t  s i d e ,  n o t  i n c l u d e d  
i n  t h e  t a b l e .
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Watson et al. (1976), attempted to determine any statistical basis 
for this method, but had unfavorable results. This method, however, is 
used by many agencies when other, more time consuming, methods are 
not available or appropriate. It is generally accepted that the Maxey-Eakin 
method ol estimating recharge results is a reasonable first approximation 
of recharge.
Rush and Schroer (1976) have determined the area of each pre­
cipitation zone in Smith Valley, as shown in Table 5-8. This determination 
results in an average of 16,500 acre-feet per year of recharge to Smith 
Valley. This, again, is average recharge. If below average or above 
average precipitation amounts are assumed, then a number of annual 
recharge values could be calculated and an equation developed. Using 
40, 60, 80, 120, 140, 160, 200, and 300 percent of the average precipitation 
for each zone, as well as the average 100 percent, the graph in Figure 
5-3 was developed. The independent variable in Figure 5-3, percent of 
normal, or normalcy, is the normalcy of the West Walker River at Coleville, 
California. Since all major diversions on the river are below this point, 
it should reflect the normalcy of precipitation and snowpack in the 
headwater area. This, then, should relate to the normalcy in Smith Valley. 
Movement of recharging water into the valley fill aquifers of Smith Valley 
is not instantaneous, but has a lag time. A lag of a year is probably 
reasonable and is used in the model.
64
The breakdown of total annual recharge to Smith Valley by zones is 
approximately 80 percent to zones one and two and 20 percent to zones 
three and four. However, when the model was run using the Maxey-Eakin 
recharge estimates and this breakdown of the recharge, zones two and 
four exhibited a constant decay in groundwater storage. This decay was 
seen even when conjunctive pumping was not allowed. This, it is felt, 
is not representative of the true system. Water levels have declined 
markedly in some local areas of Smith Valley since the mid-1960's but 
the decay of storage in zones two and four would translate to a marked 
drop in water levels throughout each zone. Under the assumption that 
the Maxey-Eakin recharges estimate may be a bit low, 120 percent of 
the estim ate proved to work better. An adjustment of the distribution 
of the recharge among the zones was also made. The adjusted distribution 
is 70 percent for zones one and two and 30 percent for zones three and 
four. This distribution results in more recharge to zones three and four. 
There is some justification for this. On the west side of zone three, a 
number of well developed ephemeral streams debouche in close proximity 
onto the same alluvial fan. Perhaps these streams allow more of the 
precipitation to become recharge than the Maxey-Eakin estimate would 
allow. The actual proportions of recharge for each zone used in the 
model are 53 percent for zone one, 17 percent for zone two, 13 percent 
for zone three, and 17 percent for zone four. These proportions are used 
with the 120 percent of the Maxey-Eakin recharge estimate. It must be 
remembered, however, that these recharge relationships are empirical to 
the workings of the model, and thus may or may not represent the actual
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conditions. At this point, there may be some credence in saying that 
the Maxey-Eakin estimate of recharge is low for Smith Valley, but further 
study would be necessary to lend confidence to this statement.
Determination of Groundwater Discharge and Return Flows
to the River
Determining groundwater discharge to the river from Smith Valley is 
no easier than determining recharge. Groundwater discharge and return 
flows must be known in order to determine the amount of surface water 
available for irrigation, because discharge to the river affects groundwater 
storage. For purposes of the model, groundwater discharges and return 
flows must be determined for both Smith Valley and the upstream Antelope 
Valley.
Recently there have been two studies which attempted to determine 
the groundwater discharges to a river in an arid or semi-arid environment; 
Cunningham (1977) and Morel-Seytoux (1977). Cunningham used a finite 
element technique on the Truekee River at Reno, Nevada, and Morel- 
Seytoux explored possibilities of using a discrete kernel approach on the 
South Platte River near the Colorado-Nebraska state line. Both studies 
found limited success. Both revealed that the driving force of groundwater 
discharge to a river is the groundwater elevation in the vicinity of the 
river. Morel-Seytoux (1977, p. 19) indicated that the head difference 
between the river and the water table at five surface widths away provides 
the gradient for the discharge calculation. The West Walker River in 
Smith Valley is a maximum of 20 to 30 feet wide in places. Thus,
groundwater level measurements at 100 and 150 feet from the river are 
needed. However, no such measurements have been made in Smith Valley. 
Cunningham (1977, abstract) found that predictive reliability decreased as 
observation of water levels moved away from the river. Confronted with 
lack of groundwater level measurements in close proximity to the river, 
it was decided to develop a regression relationship to estimate the 
groundwater discharges. Surface return flows could also be lumped into 
this regression. Calculating inputs and outputs by a mass balance approach 
on the 20 year streamflow data base, the combined, historical groundwater 
discharges and return flows can be found. This would then be the dependent 
variable for a regression. The choice of the independent variable or 
variables is limited. Unfortunately, there are no measurements over a 
sufficient length of time that could relate well to the status of the 
groundwater system in the vicinity of the river. Therefore, associated 
parameters such as river stage, amount of irrigation diversion, and normal­
cy of the Coleville discharges, were tried as independent variables. For 
these parameters, there is a 20 year data base to work with.
Using the coefficient of determination, r , as the acceptance criteria, 
the best regression was found with Coleville normalcy as the independent 
variable. A regression equation was calculated for each month and log log 
and semi-log regressions were calculated, as well as linear regressions. 
The coefficient of determination for the groundwater discharges and return 
flows from Antelope Valley were, in general, fairly high. Regression 
equations for the non-irrigation months for Antelope Valley were not
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needed for the model. The coefficients of determination for Smith Valley, 
however, were not as good. See Table 5-9 for the regression equations 
and see Figure 5-4 for the coefficients of determination.
fhe higher coetficients ol determination tor Antelope Valley regression 
equations are probably due to the fact that, in summer, quite a bit of 
the combined groundwater discharge and surface return is made up by 
the flow of ephemeral streams into Antelope Valley. These flows are 
probably closely related to the West Walker flows. In the later months, 
these ephemeral stream flows may not be as great as the groundwater 
discharge, which causes the reduction of the coefficient of determination 
at the end of the season in Antelope Valley and causes the lower 
coefficients of determination in Smith Valley.
The regression equations yield the total contribution of groundwater 
discharge and surface water return flow to the river. For purposes of 
the model, however, contributions of zones one and two (the zones adjacent 
to the river) must be known. Unfortunately, again, there are no data 
available which would yield a direct clue to the split of the total discharge 
between the two zones. An even split (50-50) between the two zones 
could be assumed, however, a look at the hydrogeologic map of the valley 
shows that much of zone two, which is in the vicinity of the river, is 
older alluvium, whereas, in zone one, it is younger alluvium. From the 
transmissivity map, the transmissivity of zone two near the river is on 
the order of 50,000 gallons per day per foot, whereas in zone one, it is 
approximately 75,000 gallons per day per foot. The transmissivities thus
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TABLE 5 -9






















S m ith  V a l l e y
Discharge = 18.68 x Normalcy -  62.08 (fo r  <75%) 
Discharge = 3.51 x Normalcy + 1095.37 ( fo r  >75%)
Discharge -  a n t i lo g  (0.446 x log (Normalcy) + 2.291)
Discharge = 3.964 x Normalcy + 1030.486
Discharge = 12.266 x Normalcy + 1291.379
Discharge = 35.533 x Normalcy -  50.053
Discharge = 66.05 x Normalcy -  1904.93
Discharge = 31.787 x Normalcy + 1624.0
Discharge = 25.448 x Normalcy + 1202.029
Discharge = 31.096 x Normalcy + 346.672
Discharge = a n t i lo g  (3.610 x log (Normalcy) -  3.937)
Discharge = a n t i lo g  (1.286 x lo g  (Normalcy) + 0.462)
Discharge = 8.748 x Normalcy + 276.916
A n t e lo p e  V a l l e y
Discharge = 17.932 x Normalcy + 2818.977 
D ischarge = an ti log (0 .559  x log (Normalcy) + 2.839) 
D ischarge = a n t i lo g  (0.648 x log (Normalcy) + 2.683) 
D ishcarge = 57.196 x Normalcy + 420.389 
D ischarge = 40.547 x Normalcy -  1061.681 
Discharge = 49.084 x Normalcy -  2135.071 
Discharge = 33.792 x Normalcy -  1848.349
C o e f f i c i e n t
o f
D e t e r m i n a t i o n
J F M A M J  J A S O N D
M onth
FIGURE 5-4
C o e f f i c i e n t s  o f  D e t e r m i n a t i o n  f o r  
G r o u n d w a te r  D i s c h a r g e  a n d  R e t u r n  F low  R e g r e s s i o n  E q u a t i o n s
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give an indication that a two-thirds, one-third split of the discharges 
between zones one and two would be reasonable.
Bruce Rice (Personal Communication, 1978) of the Nevada State 
Engineer’s O ffice indicates that surface water return flows from Smith 
Valley are probably not significant, compared to the groundwater discharge 
to the river; thereiore, all of the calculated groundwater discharge and 
return flow was subtracted from the groundwater storage within the 
workings of the model.
To account for the probable reduction in the groundwater discharge 
to the river during periods of low groundwater storage, a modification 
was made on the results of the regression equations. Based on water 
level declines measured by Rush and Schroer (1976) during the 1972 growing 
season, a reduction in the groundwater storage of zone one of approxi­
mately 75,000 acre-feet will cause a reduction in water levels in proximity 
to the river. A reduction of 25,000 acre-feet in zone two would probably 
cause the same occurrence north of the river. Therefore, it was assumed 
that when the sum of groundwater storages for zones one and two is 
-100,000 acre-feet, no groundwater will discharge into the river. At this 
point recharge will be incipient from the river. At a storage sum of 
-50,000 acre-feet, half of the computed discharge win occur. At a 
groundwater storage sum of 0.0 (relative storage), the regression equation 
will be untouched. For positive storage sums, the groundwater discharge 
will be increased in a similar manner. The combination of this storage 
volume function and the regression equation constitutes a reasonable first 
approximation of the groundwater discharge to the river.
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Determination of Phreatophyte Evapotranspiration
Evapotranspiration trom phreatophytes, bare soil, and open water 
(Artesia Lake) is a significant drain on the groundwater system of Smith 
Valley. Rush and Schroer (1976, p. 63) estimated that the average annual 
evapotranspiration of groundwater by phreatophytes, bare soil, and open 
water in the equivalent of zones one and two of this study is 4,400 
acre-feet per year. The estimate for the equivalent of zones three and 
four is 9,000 acre-feet per year. Assumed proportions for zones one and 
two are 75 percent and 25 percent of the 4,400 acre-feet, respectively. 
Proportions for zones three and four are 67 percent and 33 percent of 
the 9,000 acre-feet, respectively. These proportions are qualitative in 
nature. For zones one and two, the flood plain of the West Walker River 
is more extensive south of the river (in zone one), and zone one is quite 
a bit larger in area than zone two; thus, the split is probably warranted 
at 75 percent to 25 percent. The swampy area south of Artesia Lake 
probably gives zone three a higher evapotranspiration loss than zone four, 
although Artesia Lake evaporation would reduce the groundwater storage 
of both zones evenly. The 67 percent to 33 percent split here is probably 
reasonable.
In reality, the phreatophyte evapotranspiration is a lunction of the 
depth to the water table, to a point. In zones one and two a 15 toot 
drop in the generalized water table, which would probably manifest itsell 
in much greater localized water level declines, would cause a marked 
drop in the phreatophyte evapotranspiration, say to 30 percent of average. 
Equations were developed to calculate the phreatophyte evapotrans-
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piration demand in zones one and two by assuming 100 percent evapotrans- 
piration at the initial storage volume and 30 percent evapotranspiration 
at a storage volume which would be equivalent to a generalized 15 foot 
water level drop. In the model evapotranspiration is not allowed to go 
below 30 percent or above 100 percent of average.
In zones three and four, a major contributor to the total evapotrans­
piration loss is evaporation from Artesia Lake. Artesia Lake is fed by 
groundwater, for the most part, and is usually quite shallow. A drop in 
groundwater levels to the point where the lake is non-existent, as often 
occurs, will reduce the evaporation loss considerably. It was assumed 
that a generalized water level decline of five feet would reduce the lake 
to a clay playa and therefore reduce the evaporation loss to 30 percent. 
Again, the evapotranspiration was limited to not more than 100 percent 
of average, but for zones three and four it was not allowed to be less 
than 30 percent of average. Equations used to calculate phreatophyte 
evapotranspiration are shown in Table 5-10. The independent variable of 
these equations is groundwater storage of the particular zone, lagged by 
one month. The result of these equations is the annual phreatophyte, etc., 
evapotranspiration for the given storage level. The actual monthly 
phreatophyte evapotranspiration was arrived at by multiplying annual 
figures by the monthly distribution of annual evapotranspiration, as shown 
in Figure 5-11. This allows for different evapotranspiration rates, depend­
ing on season. This evapotranspiration distribution was derived from the 
evaporation rates at Topaz Reservoir.
TABLE 5 -1 0
ANNUAL PHREATOPHYTE, BARE SOIL, AND OPEN WATER 
EVAPOTRANSPIRATION EQUATIONS
Zone One
ET = .0 2 3 x GW S t o r a g e + 3300 .
Zone Two
ET = .0 2 1 x GW S t o r a g e + 1 1 00 .
Zone T h re e
ET = .2 1 9 x GW S t o r a g e + 6 0 0 0 .
Zone F o u r
ET -  .1 7 5  x GW S t o r a g e  + 3000.
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TABLE 5-11
MONTHLY DISTRIBUTION OF THE SMITH VALLEY 
AVERAGE ANNUAL EVAPOTRANSPIRATION RATE
J a n u a r y 1.9%
F e b r u a r y 2 .3
M arch 5 .3
A p r i l 6 .1
May 9 .0
J u n e 1 2 .5
J u l y 1 7 .1
A u g u s t 1 7 .9
S e p te m b e r 1 3 .3
O c to b e r 8 .1
Novem ber 4 .6
D ecem ber 2 .1
S o u r c e :  WRID T o p az  R e s e r v o i r  e v a p o r a t i o n  r a t e s .
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Interzonal Groundwater Flow
The fact that Smith Valley can be divided into four zones or subbasins 
based upon generalized groundwater flow directions does not preclude flow 
between zones. In reality, any flow between zones is probably better 
described as a movement of the boundary in one direction or another. 
Since this model assumes that the zonal boundaries are fixed in location, 
the movement can be modeled as a flow. The motivation behind this 
boundary movement or flow would be markedly different average water 
level elevations between two adjacent zones. This difference in water 
levels may be the result of different amounts of pumping. Groundwater 
flow can be calculated by a Darcy approach, using equation 5-1.
Q = 9.207 x 10“5 TIW Eq. 5-1
Where Q is the flow volume in acre-feet per month, T is the average 
aquifer transmissivity in gallons per day per foot, I is the average gradient 
in feet per mile, and W is the average width of the aquifer in miles. 
The gradient was calculated using the distance from the center of one 
zone to the boundary with the next; the head difference was derived from 
the respective groundwater storage volumes; and the transmissivities were 
obtained from the transmissivity map. Interzonal flows were allowed 
between zones two, three, and four. Since the river is a fixed boundary, 
recharging or discharging in nature, it was assumed there would be no 
flow across it , or at least no flow during realistic conditions.
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By simple calculations, it was found that an average head difference 
between two zones of one foot results in approximately 10 to 15 acre-feet 
of flow volume per month. At 100 feet of head difference, this is 1000 
to 1500 acre-feet of flow volume. Assuming the 100 feet of head 
difference (which is high) the interzonal flow would cause a water level 
drop of less than a foot. Therefore, an iterative calculation scheme to 
account for changes in head, due to interzonal flow during the monthly 
time increment, would not result in any significant difference over a "one 
shot" calculation. This also holds true over the case where zone three 
has the highest water level and contributes to zones two and four. For 
purposes of the model calculations, the interzonal flows were calculated 
for one head difference and not adjusted for the change due to interzonal 
flow.
Infiltration of Irrigation Water and Ditch Losses
Rush and Schroer (1976, p. 51) determined that about half the irrigation 
water delivered to Smith Valley is lost by percolation to the groundwater 
system. Vasey-Scott Engineering Co. (1974) estimated that approximately 
35 percent of irrigation water used in Carson Valley, to the north of 
Smith Valley, percolates to the groundwater system. An average of these 
two figures would provide a reasonable infiltration percentage. Ditch losses 
must also be considered. Rush and Schroer (1976, p. 53) found that in 
the ditch studies, the losses were usually small and varied, from an actual 
slight gain to about a 5 percent loss. The ditch loss, then, is not very 
significant.
For purposes of the model, it was assumed that 45 percent of all 
irrigation water percolates to the groundwater system.
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CHAPTER SIX
RESULTS OF SYSTEMS MODEL
Streamflow Input and Conjunctive Pumping Policies
Model operation requires a data set of monthly streamflow discharges 
from West Walker River at Coleville, California as input. The effects of 
various conjunctive pumping policies are determined by imposing restric­
tions, within the model, upon pumping to meet a streamflow deficiency. 
Final model output is status of groundwater storage in each zone and 
amount of irrigation water delivered.





Historical data set is the 20 years of monthly discharge at ColeviHe from 
January 1958 to December 1977. These data are presented in Appendix 
A.
Two synthetic data sets, (SYN 1 and SYN 2), were developed from 
a Markov generation scheme, as in the following equation (Fiering and 
Jackson, 1971, p. 59).
Q.=X.(1-R.) + R.Q. , + T.S V M ? )  Eq. 6-1
i l l  l l-i i i  1
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Where X. is the mean discharge tor each month; R. is the serial correlation 
coefficient, lag one; T. is a normally distributed random number, S. is 
the standard deviation of the discharge for each month; Q.  ̂ is the 
previous month's discharge; and Q. is the generated discharge for the 
current month. Generated data sets are also presented in Appendix A.
Initial January synthetic discharge was generated based upon a Q.  ̂
being the mean December discharge. The serial correlation coefficients, 
calculated from historical data, are presented in Table 6-1. Synthetic 
mean monthly discharges differ from historical monthly means by not 
more than about thirty percent and, for the most part, fall within twenty 
percent. Figure 6-1 is a plot of ratios of synthetic monthly mean 
discharges to historical for both synthetic data sets. Figure 6-2 shows 
the normalcies of the historic and both synthetic data sets. Droughts in 
the historic and SYN 1 data sets are quite apparent. The SYN 2 data 
set has more attenuated extremes.
Contrived data sets were constructed by combining several drought 
years in each of the historic and SYN 1 data sets into very severe three 
year episodes. This type of data set was chosen in order to study responses 
at the extreme deficiency end of the water resource system.
The model was operated with several different conjunctive policies. 
Different annual maximum conjunctive pumping volumes constituted the 
different policies, the policies used were; 1) no conjunctive pumping 
allowed, 2) conjunctive pumping equal to the current rights, 3) conjunc-
TABLE 6 -1
Serial Correlation Coefficients for 
River at Coleville, Ca. Monthly-
W est W a lk e r  
D i s c h a r g e s
D ecem ber t o  J a n u a r y .780
J a n u a r y  t o  F e b r u a r y .5 1 3
F e b r u a r y  t o  M arch .2 4 7
M arch  t o  A p r i l - . 0 8 3
A p r i l  t o  May .424
May t o  J u n e . 786
J u n e  t o  J u l y .906
J u l y  t o  A u g u s t .939
A u g u s t  t o  S e p te m b e r .960
S e p te m b e r  t o  O c to b e r .878
O c t o b e r  t o  Novem ber .4 4 1
N ovem ber t o  Decem ber .268
1 .5
1.4 -




Historical Mean ]_ 0
( R a t i o )
. 9 -
.  8 -
.7  -
.  6 -
.5  -







A SYN 1 
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FIGURE 6 - 1
R a t i o  o f  S y t h e t i c  D a ta  S e t s  M o n th ly  M eans 
t o  t h e  H i s t o r i c a l  D a ta  S e t  M o n th ly  M eans
A n n u a l  
S t r e a m ! l o w  
N o rm a lc y  
( P e r c e n t )
FIGURE 6-2
S t r e a m f l o w  D a ta  S e t  
A n n u a l  N o rm a lc y
Y e a r s 00
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tive pumping at approximately twice the present rights, and 4) unlimited 
conjunctive pumping. Present conjunctive pumping rights total approxi­
mately 25,255 acre-teet per year. The present pumping rights for land 
with groundwater appurtenances only total approximately 35,315 acre-feet 
per year (calculated at 4.0 acre-feet per acre). In the model, it was 
assumed that all land would be in cultivation and irrigated with 3.5 
acre-feet of water per acre.
Discussion of Results
The generated output of the systems model is an account of the 
groundwater storage in each zone, referenced to an initial zero value and 
a documentation of the irrigation water (both surface and groundwater) 
delivered to Smith Valley over the model time period. A synthesis of 
the amount of irrigation water delivered versus the normalcy of the annual 
Coleville discharge for that particular year is shown in Figure 6-3. To 
avoid confusion, references are now made to the valley as a whole (rather 
than to zones), by appropriately combining the effects and responses of 
each zone. Examination of Figure 6-3 shows that approximately 30,000 
acre-feet of irrigation water is not dependent upon the discharge normalcy. 
This is groundwater pumped for acreage with appurtenant groundwater 
rights only. Variation of allowed conjunctive pumping from no pumping 
to unlimited pumping produces the curves showing the water supplied for 
various normalcies. The total irrigation water requirement for the basin 
is approximately 105,000 acre-feet per year, assuming 100 percent culti­
vation and a duty of 3.5 acre-feet per acre. Total irrigation requirement 
can generally be met without conjunctive pumping when annual streamilow 
normalcy is 100 percent or better.
50 2
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FIGURE 6 - 3
M o d e le d  I r r i g a t i o n  W a te r  





20 10 5 4 3
P e r c e n t  o f  N o rm a l  A n n u a l  S t r e a m f l o w
84
The detriments of drought and conjunctive use are shown in Figure
6-4. This tigure exhibits the groundwater storage deficits due to drought 
and, additionally, to conjunctive pumping. Over time, a recovery can be 
made from storage deficit due to drought; therefore, the deficit curves 
for several years were included. At this point, it would be advantageous 
to have a well defined relationship to transform groundwater storage 
withdrawals into water table decline. However, there are insufficient data 
availaDle to develop such a relationship. Based upon the approximate 
area of aquifer of each zone and the average specific yield of the basin, 
a gross estimate of the storage per foot of aquifer can be made. 
Specifically, zone one has 7,200 acre-feet of groundwater per foot of 
aquifer; zone two, 2,400 acre-feet; zone three, 3,840 acre-feet; and zone 
four, 2,400 acre-feet. In this manner, Figure 6-4, the storage deficit 
versus the conjunctive pumping limits, was transformed into Figure 6-5, 
where deficit is changed into water level decline. A generalized cost 
can be related to the water level decline.
Examination of Figure 6-4 or 6-5 shows that the penalty for doubling 
the present conjunctive pumping limits or rights (approximately 25,255 
acre-feet per year) is not great, as compared to the benefit of extending 
conjunctive use coverage of deficits from a 4 year to an approximate 10 
year return period (see Figure 6-3 for the return periods). From Figure 
6-4, the difference in deficit between the current conjunctive pumping 
rights and the doubled rights is approximately 15,000 acre-feet. As seen 
in Figure 6-5, this deficit results in an approximate one foot difference
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T o t a l  Pumpage 
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in the generalized water level, or approximately $0.05 difference in the 
pumping power costs.
An acre-foot of water is worth approximately $85.00 of alfalfa, 
based upon a yield rate of 1.54 tons per acre-foot and a selling price of 
$55.00 per ton. Clearly an additional $0.05 per acre-foot would not be 
significant, especially if the price of alfalfa were to rise, as might be 
expected during a drought.
Increasing the allowed conjunctive pumping to triple the present 
rights causes a greater groundwater storage deficit. However, the benefit 
of extending conjunctive use coverage to deficits with return periods 
beyond 10 years may not be significant enough to warrant the potential 
groundwater storage depletion.
Unfortunately, determination of the specific optimal conjunctive 
pumping policy would require the relationship between groundwater storage 
withdrawals and water level decline. This, as previously stated, is 
unavailable from current data. The yield function of amount of irrigation 
water applied versus crop yield is also unavailable. The yield function 
would confidently relate the supplied irrigation water to the crop yield 
and monetary return, especially when irrigation water is deficient. There­
fore, defining a specific conjunctive pumping policy in terms of financial 
gain from additional irrigation water delivered during drought and financial 
loss due to additional pumping lift is not possible at this time.
Summarizing the results, an empirical relationship between the 
storage deficit or water level decline due to drought and conjunctive 
pumping policy was developed. The nature of this relationship indicates
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that a doubling ot the present conjunctive pumping rights will not manifest 
itselt as a significantly greater storage deficit or water level decline. 
The difference in groundwater storage deficits is approximately 15,000 
acre-feet, or about a one foot difference in generalized water levels. 
The benefit of such a doubling of conjunctive pumping rights would be 
to extend coverage by conjunctive pumping from deficits with four year 
return periods to deficits with ten year return periods. A tripling of 




Combining the historical irrigation pumpage determined by this report 
and the delivered surface water (see Appendix A) results in the total 
irrigation water available to Smith Valley as seen in Table 7-1. Clearly, 
1977 was a severe drought year in which only half of the required irrigation 
water was available. Of the 36,500 acre-feet of groundwater pumped for 
irrigation in 1977, approximately 11,000 acre-feet was for acreage with 
groundwater appurtenances only. This is based upon the approximate
11.000 acre-feet of total pumpage in 1974 and 1975, both above normal 
years, where conjunctive pumping should have been non-existent. The
11.000 acre-feet figure is approximately one-third of the total non­
conjunctive groundwater rights. Apparently, irrigation rights are not used 
to their fullest extent or are not yet in service.
The remaining 25,500 acre-feet of 1977 pumpage was for conjunctive 
use. This is approximately 100 percent of the current conjunctive ground- 
water rights. Had more conjunctive groundwater been available, it probably 
would have been used. If the current conjunctive groundwater rights were 
doubled to approximately 50,000 acre-feet as supported by this report, an 
additional 25,000 acre-feet of irrigation water would have been available, 
an increase of fifty percent. Based upon a yield of 1.54 tons of alfalfa 
per acre-foot and a selling price of $55.00 per ton, this 50 percent increase 
in irrigation water could have been worth approximately 2.1 million dollars 
in gross return.
TABLE 7 -1
SMITH VALLEY IRRIGATION WATER 
1974 t o  1977 
( a c r e - f e e t )
S u r f a c e
W a te r
Ground
W a te r T o t a l
1974 131621 12700 144321
19 75 102298 10000 112298
1976 63202 30000 93202
1977 16508 36500 53008
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The detriment ot allowing additional conjunctive rights was found 
to be an increased groundwater storage deficit. By the nature of the 
relationship between deficit and conjunctive pumping rights (see Figure 
6-4), it can be seen that the deficit, as a result of doubled conjunctive 
pumping, is not significantly different from the deficit caused by current 
pumping rights. The difference in modeled deficits at two years after 
the drought episode was only 15,000 acre-feet. A tripling of the con­
junctive pumping rights would cause a deficit difference of approximately
50,000 acre-feet, assuming all rights were used.
Under the current conjunctive groundwater rights, a deficit year has 
a return period of approximately four years. Doubling the conjunctive 
rights would increase the return period of deficit to approximately 10 
years. The potential deficit penalty for tripling the conjunctive rights is 
probably not worth the extension of the deficit return period beyond 10 
years. Therefore, it appears that the conjunctive groundwater rights could 
be reasonably increased to double the current amount of approximately 
25,255 acre-feet per year, with the benefits outweighing the detriments.
This advocation of increasing the conjunctive rights must be viewed 
as an indication that such an increase may be reasonable but not as a 
justification. Due to lack of data several generalizations and gross 
assumptions were made in the construction of this model. In order to 
increase the confidence of the model, the following functions should be 
more precisely defined.
1) Relationship between storage depletion and water level decline.
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2) Relationship ot stream-aquifer interaction.
3) Relationship between applied irrigation water and alfalfa yield, 
lhese relationships may be taken as areas for needed future study. Two 
assumptions were made which may bias the model to produce a groundwater 
storage decline that would be worse than actual. Precipitation upon the 
cultivated lands was assumed to be insignificant, and cultivation was 
assumed to be 100 percent of the land with appurtenant irrigation rights. 
Precipitation during the growing season would supplement irrigation, result­
ing in less water pumped and more water available in surface storage. 
Realistically, cultivation is never at 100 percent. Common agricultural 
practice or economic and personal reasons can cause certain lands to be 
fallow, dormant or in a state where irrigation water needs are reduced. 
These assumptions would help support the conclusion that the conjunctive 
groundwater rights could be increased, as the actual groundwater storage 
depletion would not be as great as predicted by the model.
In the event that increasing conjunctive groundwater rights is given 
serious consideration, it should be realized that the groundwater resource 
should be centrally managed. The groundwater of Smith Valley is a 
"common pool" resource, meaning that action upon the resource by one 
individual has ramifications upon all users. Although the generalized 
water levels were calculated by the model to drop approximately one foot 
in response to the additional pumpage, in local areas, water level declines 
could be marked. Water level measurements made by Rush and Schroer 
(1976, p. 66) in the area south of the river (Zone One) showed a maxi-
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mum static water level decline of 23 feet throughout the 1972 season. 
This averaged out to an approximate 9 foot decline over the entire area 
of measured water level declines south of the river. This is an approximate 
2 to 1 difference in localized to generalized declines. Averaging the 
water level decline over the entire area of the aquifer south of the river 
results in an approximate 5 to 1 difference in localized to generalized 
declines. As a result of severe drought, difference between localized and 
generalized declines would, no doubt, be greater.
A centralized managing entity would provide the medium to monitor 
groundwater levels and pumpage, and to insure that the costs resulting 
from the decline are equitably distributed. Placing the control of Smith 
Valley's groundwater resource into the hands of a central managing entity 
may circumvent certain legal problems related to increasing the ground- 
water rights and may appear more acceptable in the eyes of the Nevada 
State Engineer. Finally, increased conjunctive groundwater rights and a 
central managing entity would result in a more complete, efficient utiliza­
tion of Smith Valley's water resources by taking advantage of the storage 
capability of its groundwater reservoir.
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I n v e s t i g a t i o n s .  B u l l .  6 4 , C a l .  D e p t ,  o f  W a te r  R e s o u r c e s .
C o c h r a n ,  G . F . ,  1 9 6 8 ,  O p t i m i z a t i o n  o f  t h e  C o n j u n c t i v e  U se  o f  
G ro u n d  a n d  S u r f a c e  W a te r  f o r  U rban  S u p p l y . R e p o r t  
S u b m i t t e d  t o  L a s  V e g a s  V a l l e y  W a ter  D i s t r i c t ,  C e n t e r  f o r  
W a t e r  R e s o u r c e s  R e s e a r c h ,  D e s e r t  R e s e a r c h  I n s t i t u t e ,  
U n i v e r s i t y  o f  N e v a d a  S y s t e m .
C o c h r a n ,  G . F .  a n d  B u t c h e r ,  W .S . ,  1 9 70 ,  Dynamic P ro g ra m m in g  
f o r  Optimum C o n j u n c t i v e  U se .  W a te r  R e s o u r c e s  B u l l . ,  
v o l .  6 ,  n o .  3,  p .  311 .
C o r p s  o f  E n g i n e e r s ,  1 9 4 2 ,  S u r v e y  R e p o r t  o n  W a lk e r  Ri v e r  an d  
T r i b u t a r i e s  i n  C a l i f o r n i a  and  N e v a d a  f o r  F l o o d  C o n t r o l  
and H y d r o e l e c t r i c  P o w e r  D e v e l o p m e n t . U . S .  Army c o r p s  o f  
E n g i n e e r s .
C u n n in g h a m ,  A . B . ,  1 9 7 7 ,  M o d e l i n g  an d  A n a l y s i s  o f  H y d r a u l i c  
I n t e r c h a n g e  o f  S u r f a c e  an d  G r o u n d w a t e r .  H y d r o l o g y  a n d  
W a t e r  R e s o u r c e s  P u b l i c a t i o n  N o . 34., W a te r  R e s o u r c e  
C e n t e r ,  D e s e r t  R e s e a r c h  I n s t i t u t e ?  U n i v e r s i t y  o f  N e v a d a
S y s t e m .
D i v .  o f  L a n d  E c o n o m i c s ,  1941 
W a l k e r  R i v e r  W a t e r s h e d ,  
o f  A g r i c u l t u r e ,  D i v i  o t
W a te r  F a c i l i t i e s  A r e a  P l a n  f o r  
N e v a d a  -  C a l i f o r n i a .  U . S .  D e p t .  
Land E c o n o m i c s .
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D o m e n ico ,  P . A . , _ S c h u l k e , D . F . ,  Maxey, G . B . ,  1 9 6 6 ,  P h y s i c a l
a n d  E c o n o m i c a l  A s p e c t s  o f  C o n j u n c t i v e  Use o f  I r r i g a t i o n  
W a t e r  i n  S m i t h  V a l l e y ,  Lyon C o . ,  N e v a d a .  H y d r o l o g y  an d  
W a t e r  R e s o u r c e s  P u b l i c a t i o n  No. 1 , W a t e r  R e s o u r c e  
C e n t e r , D e s e r t  R e s e a r c h  I n s t i t u t e , U n i v e r s i t y  o f  N evada  
S y s t e m .
E v e r e t t ,  D . E . ,  R u sh ,  F . E . ,  1967 ,  A B r i e f  A p p r a i s a l  o f  t h e
W a t e r  R e s o u r c e s  o f  t h e  W a lk e r  Lake A r e a ,  M i n e r a l ,  Lyon ,  
a n d  C h u r c h i l l  C o u n t i e s ,  N e v ad a .  W a t e r  R e s o u r c e s  
R e c o n n a i s s a n c e  S e r i e s  R e p o r t  4 0 , D e p t ,  o f  C o n s e r v a t i o n  
a n d  N a t u r a l  R e s o u r c e s ,  S t a t e  o f  N e v ad a .
F i e r i n g ,  M . B . ,  J a c k s o n ,  B . B . ,  1 9 71 ,  S y n t h e t i c  S t r e a m f l o w s .
W a t e r  R e s o u r c e s  M onograph # 1 , A m e r ic a n  G e o p h y s i c a l  U n io n .
G l a n c y ,  P . A . ,  1 9 7 1 ,  W a t e r  R e s o u r c e s  A p p r a i s a l  o f  A n t e l o p e  
V a l l e y  a n d  E a s t  W a l k e r  A r e a ,  Nevada  and  C a l i f o r n i a .
W a t e r  R e s o u r c e s  R e c o n n a i s s a n c e  S e r i e s  R e p o r t  5 3 , D e p t ,  
o f  C o n s e r v a t i o n  a n d  N a t u r a l  R e s o u r c e s ,  S t a t e  o f  N e v a d a .
H a rd m a n ,  G . ,  1 9 3 6 ,  N evada  P r e c i p i t a t i o n  a n d  A c r e a g e s  o f  Land
b y  R a i n f a l l  Z o n e s . Mimeograph P a p e r ,  U n iv .  N ev .  E x p .  S t n . ,  
R e n o ,  N e v a d a .
H u x e l ,  C . J .  J r . ,  1 9 6 9 ,  W a t e r  R e s o u r c e s  and  D e v e lo p m e n t  i n
Mason V a l l e y ,  Lyon C o . ,  N e v a d a ,  1948 -  6 5 .  W a t e r  R e s o u r c e s  
B u l l .  3 8 ,  D e p t ,  o f  C o n s e r v a t i o n  and  N a t u r a l  R e s o u r c e s ,  
S t a t e  o f  N e v a d a .
L o e l t z , O . J . ,  E a k i n , T . E . ,  1 953 ,  G eo lo g y  and W a t e r  R e s o u r c e s  
o f  S m i t h  V a l l e y ,  Lyon an d  D o u g la s  C o u n t i e s ,  N e v a d a .
W a t e r  S u p p l y  P a p e r  1 2 2 8 , U . S . G . S .
M o r e l - S e y t o u x ,  H . J . ,  1 9 7 5 ,  A S im p le  Case  o f  C o n j u n c t i v e
S u r f a c e - G r o u n d w a t e r  M a n a g e m e n t .  G r o u n d w a t e r , v o l . 1 3 ,  
n o .  6 ,  p g .  506 -  5 1 5 .
M o r e l - S e y t o u x ,  H . J . ,  1 9 7 7 ,  D e v e lo p m e n t  o f  a  S u b s u r f a c e
H y d r o l o g i c  M odel  a n d  Use f o r  I n t e g r a t e d  Management  o f  
S u r f a c e  a n d  S u b s u r f a c e  W a t e r  R e s o u r c e s .  C o m p l e t i o n  
R e p o r t  No. 82 ,  C o l o r a d o  W a te r  R e s o u r c e s  R e s e a r c h  I n s t . ,  
C o l o .  S t a t e  U n i v . ,  F o r t  C o l l i n s .
M row k a, J . P . ,  1 9 7 4 ,  Some R e l a t i o n s h i p s  B e t w e e n  S u r f a c e  W a te r  
H y d r o l o g y  a n d  G e o m o r p h o lo g y  m  t h e  W a lk e r  R i v e r  B a s i n ,  
C a l i f o r n i a  -  N e v a d a .  U . C . L . A . ,  D e p t ,  o f  G e o g r a p h y  PhD .  
D i s s e r t a t i o n .
M y e r ,  G. a n d  M a h a n a , C . ,  1978 ,  u n p u b l i s h e d  r e p o r t ,  D e p t ,  o f  
A g r i c u l t u r a l  E c o n o m i c s ,  U n i v e r s i t y  o f  N e v a d a ,  R e n o .
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N e v a d a  R e v i s e d  S t a t u t e s ,  r e p r i n t  1 9 7 6 ,  Nevada  W a t e r  Law,
N e v a d a  R e v i s e d  St a t u t e s ,  C h a p t e r s  1532 t o  538 .
N e v a d a  S t a t e  E n g i n e e r ' s  O f f i c e . ------------------------ *
N e v ad a  S t a t e  E n g i n e e r ' s  O f f i c e ,  1 973 ,  A l t e r n a t i v e  P l a n s  f o r  
W a t e r  R e s o u r c e s  U se ,  W a lk e r  R i v e r  B a s i n ,  A r e a  I . N evada  
S t a t e  E n g i n e e r ' s  O f f i c e ,  D e p t ,  o f  C o n s e r v a t i o n  and  
N a t u r a l  R e s o u r c e s ,  S t a t e  o f  N ev ad a .
N e v a d a  S t a t e  E n g i n e e r ' s  O f f i c e  and  U n iv .  N evada  D e p t ,  o f
A g r i c u l t u r e ,  1 9 74 ,  F o r e c a s t s  f o r  t h e  F u t u r e  -  A g r i c u l t u r e ,  
W a t e r  f o r  N e v a d a ,  R e p o r t  # 8 , W a te r  P l a n n i n g  R e p o r t s ,
N e v a d a  S t a t e  E n g i n e e r ' s  O f f i c e ,  D e p t ,  o f  C o n s e r v a t i o n  
a n d  N a t u r a l  R e s o u r c e s ,  S t a t e  o f  N e v a d a .
N e v a d a  S t a t e  E n g i n e e r ' s  O f f i c e ,  1 9 7 7 ,  u n p u b l i s h e d  n o t e s  on 
c o n v e r s a t i o n  w i t h  W a lk e r  R i v e r  I r r i g a t i o n  D i s t r i c t ,  
1 - 3 1 - 7 7 .
S h a r p ,  K r a t e r ,  an d  A s s o c . ,  1975 ,  W a lk e r  R i v e r  H y d r o l o g y  S t u d y  
f o r  W a l k e r  R i v e r  I r r i g a t i o n  D i s t r i c t . S h a r p ,  K r a t e r ,  a n d  
A s s o c . ,  R en o ,  N e v ad a .
S h a r p ,  K r a t e r ,  a n d  A s s o c . ,  1 9 69 ,  W est  W a lk e r  R i v e r ,  Hoye
B r i d g e  Dam an d  R e s e r v o i r ,  H y d r o l o g i c  an d  Eco n o m ic  S t u d y . 
S h a r p ,  K r a t e r ,  a n d  A s s o c . ,  Reno,  N e v a d a .
R i c e ,  B . ,  1 9 7 8 ,  p e r s o n a l  c o m u n i c a t i o n , N evada  S t a t e  E n g i n e e r ' s  
O f f i c e .
R u s h ,  F . E . ,  1 9 7 6 ,  W a t e r  R e q u i r e m e n t  and  E f f i c i e n c y  o f  S p r i n k l e r  
I r r i g a t i o n  o f  A l f a l f a ,  S m i th  V a l l e y ,  N evada  -  A C ase  
H i s t o r y .  W a t e r  R e s o u r c e s  I n f o r m a t i o n  S e r i e s  R e p o r t  2 4 , 
D e p t ,  o f  C o n s e r v a t i o n  and  N a t u r a l  R e s o u r c e s ,  S t a t e  off 
N e v a d a .
R u s h ,  F . E . ,  H i l l ,  V . R . ,  1972 ,  B a t h y m e t r i c  R e c o n n a i s s a n c e  o f  
T o p az  L a k e ,  N e v a d a  and  C a l i f o r n i a .  W a te r  R e s o u r c e s  
I n f o r m a t i o n  S e r i e s  R e p o r t  1 2 , D e p t ,  o f  C o n s e r v a t i o n  a n d  
N a t u r a l  R e s o u r c e s ,  S t a t e  o f  N e v a d a .
R u s h ,  F . E . ,  S c h r o e r ,  C . V . ,  1976 ,  G e o h y d r o lo g y  o f  S m i t h  V a l l e y ,  
N e v a d a ,  W i th  S p e c i a l  R e f e r e n c e  t o  t h e  W a t e r - U s e  P e r i o d  
1953  -  7 2 .  W a t e r  R e s o u r c e s  B u l l .  4 3 , D e p t ,  o f  C o n s e r v a t i o n  
a n d  N a t u r a l  R e s o u r c e s ,  S t a t e  o f  N e v a d a .
U . S .  D e p t ,  o f  A g r i c u l t u r e  (N e v a d a  R i v e r  B a s i n  S u r v e y  S t a f f ) ,
1 9 6 9 ,  U . S . D . A .  R e p o r t  on W a ter  an d  R e l a t e d  L an d  R e s o u r c e s ,  
C e n t r a l  L a h o n t a n  B a s i n ,  W a lk e r  R i v e r  S u b b a s i n ,  N e v .  -  
C a l .  S o i l  C o n s e r v a t i o n  S e r v i c e ,  P o r t l a n d ,  O r e .
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V a s e y - S c o t t  E n g i n e e r i n g  C o . ,  1 9 74 ,  C a r s o n  V a l l e y  Wate r
R e s o u r c e s  A p p r a i s a l . V a s e y —S c o t t  Eng .  C o . ,  C a r s o n  C i t y ,  
N e v a d a .
W a r r e n  C o . ,  D . R . ,  1 9 53 ,  H y d r o l o g y  S t u d i e s  -  W a lk e r  R i v e r .
D .R .  W a r r e n  C o . ,  Los A n g e l e s ,  C a l i f o r n i a .
W a r r e n  C o . ,  D . R . ,  1 9 5 4 ,  S t u d y  o f  I r r i g a t i o n  Demand an d  D e c r e e  
W a t e r . D .R .  W ar ren  C o . ,  Los A n g e l e s ,  C a l i f o r n i a .
W a r r e n  C o . ,  D . R . ,  1 9 5 4 ,  W a lk e r  R i v e r  I r r i g a t i o n  D i s t r i c t  -
W e s t  W a l k e r  R i v e r  - " F o u n d a t i o n  I n v e s t i g a t i o n  -  Hoye Dam 
S i t e s . D .R .  W a r r e n  C o . ,  Los  A n g e l e s ,  C a l i f o r n i a .
W a r r e n  C o . ,  D . R . ,  1 9 5 4 ,  C o n su m p t iv e  Use o f  W a t e r  W i t h i n  t h e  
W a l k e r  R i v e r  I r r i g a t i o n  D i s t r i c t . D.R. W ar ren  C o . ,
L o s  A n g e l e s ,  C a l i f o r n i a .
W a r r e n  C o . ,  D . R . ,  1 9 5 4 ,  S u p p l e m e n t a l  H y d r o l o g y  R e p o r t , 
I n c l u d i n g  Hoye B r i d g e  R e s e r v o i r . D .R .  W ar ren  C o . ,
L o s  A n g e l e s ,  C a l i f o r n i a .
W a r r e n  C o . ,  D . R . ,  1 9 5 4 ,  Summary o f  H y d r o lo g y  S t u d i e s  -  W e s t  
W a l k e r  R i v e r  -  H oye B r i d g e  R e s e r v o i r .  D . R .  W a r r en  C o .
L os  A n g e l e s ,  C a l i f o r n i a .
W a t s o n ,  P . ,  S i n c l a i r ,  P . ,  W aggone r ,  R . , 1976 ,  Q u a n t i t a t i v e  
E v a l u a t i o n  o f  a  M ethod  f o r  E s t i m a t i n g  R e c h a r g e  t o  t h e  
D e s e r t  B a s i n s  o f  N e v a d a .  J .  o f  H y d r o l o g y , n o .  31,  
p g .  335 -  357 .
APPENDIX A
S t r e a m f l o w  D a t a s e t s
H i s t o r i c a l  W e s t  W a l k e r  R i v e r  
D i s c h a r g e  a t  C o l e v i l l e ,  C a l i f o r n i a  (A-F) 
( S o u r c e :  USGS R e c o r d s )
JAN F K H MAH APR MAY JUN JUL AUG SFP OCT NOV DEC
195B 3 16 0 . 4090  . 487 0 .  1754 0 .  7 798 0 . 7 9 0 2 0 ,  4 8 1 5 0 . 1 8 8 6 0 . 7 3 1 0 . 4300  . 3 7 0 0 . 323 0 .
] 959 364(! . 33 0 0 . 6 5 7 0 .  1 8 4 0 0 .  3 6 9 6 0 .  3 0 2 4 0 .  7 4 3 0 . 3 2 0 0 . 414 0 . 294 0 . 2 1 1 0 . 1 76 0 .
1950 ? 0 6 0 . 3710 5 4 9 0 .  1 5 9 4 0 .  3 7 9 3 0 .  3 2 1 7 0 .  6 6 i 0 . 330 0 . 1 8 6 0 . 1 9 3 0 . 2 100 . 228 0 .
1961 3 0 3 0 , 25 0 0 . 3 3 3 0 .  1 2 9 4 0 .  3 4 1 2 0 .  2 6 3 6 0 .  6 1 9 0 . 2 8 9 0 . 2 5 6 0 . 2160  . 1 9 7 0 . 210 0 .
1 9b? 1 860 . 2920  . 3 3 5 0 .  3 7 5 5 0 .  54650 .  6 3 0 6 0 .  3 0 0 4 0 . 8 6 7 0 . 4 5 4 0 . 486 0 . 348 0 . 28 7 0 .
1 965 6 0 1 0 . 1 5 5 7 0 . 5 8 7 0 .  8 4 3 0 .  4 5 0 5 0 .  7 3 3 8 0 .  4 4 1 3 0 . 1 1 3 6 0 . 610 0 . 457 0 . 69 70 . 4 85 0 .
3 964 364 0 . 3340 , 4 1 1 0 ,  1 1 6 7 0 .  3 1 3 7 0 .  3 5 8 3 0 .  1 2 9 2 0 . 4300  . 27 70 . 218 0 . 284 0 . 1 659 0 .
3 965 8 6 6 0 . 6 2 5 i i . 8 2 0 0 .  1 7 3 0 0 .  3 9 0 5 0 .  6 2 6 2 0 .  5 2 8 4 0 . 2 3 3 9 0 . 8390  . 510 0 . 4620  . 4 8 1 0 .
1966 473 0 . 3 6 n 0 „ 8 0 8 0 .  2 4 5 5 0 .  4 9 1 0 0 .  2 1 6 6 0 .  7 4 9 0 . 4660  . 3 3 2 0 . 2 5 1 0 . 3080 . 0 1 7 0 .
1967 4 0 3 0 . 4490 . 1 1 1 4 0 .  8 0 9 0 .  6 6 5 0 0 .  9 4 7 / 0 .  8 5 3 7 0 . 2 2 9 8 0 . 920 0 . 594 0 . 4 6 7 0 . 304 0 .
1968 3370 . 6 4 9 0 . 8 3 7 0 .  1 6 2 8 0 .  3 5 7 9 0 .  3 4 3 0 0 .  9 4 4 0 . 564 0 . 3 3 1 0 . 3 0 8 0 . 4970 . 373 0 .
1969 6 0 1 0 . 4820 . 5 8 8 0 .  2 8 1 1 0 . 1 0 8 0 0 0 . 1 1 3 4 0 0 .  6 9 5 7 0 . 1 9 5 4 0 . 7830 . 6350 . 5 2 8 0 . 5590 .
197 0 9930  . 664 0 . 8 6 3 0 .  1 2 7 1 0 ,  4 2 4 0 0 .  3 6 4 / 0 .  2 3 4 9 0 , 7 1 9 0 . 4230 . 3 1 3 0 . 3900 . 5 0 5 0 »
1971 6 6 8 0 . 623 0 » 7 4 6 0 .  1 3 4 6 0 .  3 3 2 4 0 .  6 6 7 4 0 .  3 3 2 3 0 . 915 0 . 5 2 9 0 . 3920 . 3 8 2 0 . 3530 ,
197? 30 7 0 , 3750 . 1 2 7 6 0 .  1 1 1 7 0 .  3 9 6 8 0 ,  4 9 1 8 0 .  1 2 8 6 0 . 4340  , 3790 . 4140  . 3 0 5 0 . 34 0 0 .
197 3 3020 . 335 0 . 4 3 3 0 .  1 6 3 2 0 .  7 3 5 1 0 .  6 5 2 2 0 ,  2 0 2 2 0 . 8 4 1 0 . 4800 . 386 0 . 1 2 7 5 0 . 785 0 .
1974 1 0580 . 6 13 0 . 9 0 6 0 .  1 5 4 3 0 .  6 7 4 9 0 .  7 3 7 0 0 .  3 2 8 8 0 . 1 2 4 1 0 . 5 3 9 0 . 3 750 . 3 3 7 0 . 332 0 .
1975 3390 . 3 1 3 0 . 4 6 4 0 .  7 0 3 0 .  5 1 4 5 0 ,  8 7 0 6 0 .  4 3 6 3 0 . 1 0 8 8 0 . 5 7 3 0 . 6070 . 60 0 0 . 4660 .
1976 3 8 1 0 . 3350 . 4 6 1 0 .  7 6 2 0 .  2 6 5 6 0 .  1 2 2 0 0 .  4 8 0 0 . 4390 . 3 7 0 0 . 3380 . 2 5 4 0 . 2 1 1 0 .
1977 1 6 9 0 . 2 0 4 0 . 2 8 0 0 .  9 u 9 0 .  9 1 7 0 ,  1 5 7 ^ 0 .  3 0 9 0 . 1 2 6 0 . 1 0 2 0 . 1 3 2 0 . 16 0 0 . 250 0 .
- - - ·- ----------------
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?ll ll':i5 7. 7 ':ill • 6470. 1631H. 341 h l ' 15tl~4. 3HOHB. 
/\! JG sr- P OCT 
14J]2. '~ 0 4 h. 1601. 
l3lfl4. 5042. 1Y87. 
1213S. 3638. 250?. 
157119. 6S42. 2840. 
l0~)t:;8. 3C)A7. 1136. 
H21t4. 6060. '• 3H6. 
1304n. 4992. 'l717. 
4900. 3796. 4?.RO. 
134?7. 61 91 • 1359. 
6?1. 1176. 2306. 
l024n. 6 '71 6. 5675. 
206A3. A827. fl264. 
35A2. 3424. 2824. 
2t1371. 1 1 1 A2. 6l:i61. 
9':i46. 2A79. 3271. 
4610. 3133. 2256. 
390H. 270B. 2109. 
4045. 4n08. 1955. 
215R9. 7570. 5103. 
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1 164. 
J '~ 7 6. 
S4~d. 
5 ~~ l) 6 • 
L,f\!~ IJ • 
7 (-, ,, <). 
1 l H'.J. 
















J/1. l'l FF.H ~,~A~~ fl. PI~ MAY JL!I\I JUL AUG SF.:P OCT NOV DEC 
1 .:116~. 't50't. ~7!t f. 13077. ?20'tl. 271UO. 1?40o. 3976. 454'~. 1~9">. 1 8 '~B • l 1 l ] • 
? . 1P.P ''-i. 6S? J ~ b R 0 '1. 1 3:··65. '17485. 669"-+Co 4.:11 { 1. J3B7J • 4 4.:1] • ;:>BIR. ?0?.~. 71. 
3 837. l tl b. 3c41. 1lF.tJ<t. c ?~45. h '::> 6 Li '+ • 41)oc4. 1'::>5'+2. 6646. 63S3. fl66c. HH4b. 
4 707H. 806 '1. 7'-JH:J. 2lc5t. JS>/ S l. :,4IcH. lit26U. 1 4 1 l • 4047. 4164. H4fl0. ~~ 7 7 ') • 
5 5591. 6047. 5125. I::l476. J4838. 45S'JU. 10506. 10125. 6997. 5285. 6716. 450]. 
6 o44Y. 49Bc. H2h:J. 15370. n93h0. 74"141. 4~0"11. 17376. 6505. 431A. 25113. 22 :·HI. ., :125Y. 383?. 6'::>4!:). 22447. t-i 0 () 13 5 • 4 't 9 '1 l • J!:l066. 10145. 6626. 560? • 4H05. 4~0H. 
H :ii?]B. 30H6. f.HY4. ll99Y. l H Ei2. ~~ ll 3'::>. 2'1~07. 123Q2. 34'l'l. {~4 0 7. 29':i4. J ~; ;:? 1 • 
9 611H. 6 7-, 1 • 9293. 19109. 621Ljlo 466SZ. C.lifr{ 0. 18311. AB43. 4267. 57A<J. H () 7 (, • 
10 :-i73H. 6 0 '~ l • 7676. '-17?.2. .310H4. 6]9tl3. 5H2~' 7. 13528. 6236. 3116. 3245. 2 7')b. 
11 590Y. n45Y. 6902. 16194. ]9lJ2 7. 4b2(d. 2lliH. "7320. 3491. 4710. 46EIO. 4]9]. 
12 3804. 1524. 4242. 16714. 43300.1009o-j. ·r 43Hb. 241?0. 10234. 7177. 96H3. 9?.10. 
13 771H. 590]Q 5011. 8630. 69505. li2761. 63457. 14045. 6376. 4653. 4663. 4SH4. 
] 4 nH52. ')067. 421S. 10S97. 1941S. 39224. 25786. 12636. 7'264. 1:)254. 5340. '~SHH. 
15 4i4l. 664J. 6Ab3. z:~8s 1. IA35H. b2lJb2. 436S9. 1373. 3061. 3862. 5106. 65?.tl ~ 
1 6 676r.. 6~70. Of)53. 2'J':J]3. SA ORB. 44Y 13. S397. l30QA• 7147. 1Y7B. 776R. cY"f H. 
l 7 819. ?.52lo )Lffi'j • 125]0. n9s9. 32841. 1'-)~61. 7517. 4904. 4587. n 116. 3'~ 4 n . 
lH 6706. 5nuY. 7777. 16991:!. J066H. 536..JJ. 25350. 143':1B. 4 7 11. 4"fH1. 64 64·. 6336. 
1':7 4QYc. 1 'y l • 7525. d4q9. 3558 -,. 53231J, 20989. 3AOl. 1A91. 31:l2A. 524H. 4H54. 
?0 5851. 71::1H4. bl7:,. 203HO. 5042b. 5561 (. 2YlH'i. 13638. 6055. 5472. 6570. 5010. 
S m i t h  V a l l e y  S u r f a c e  W a t e r  
I r r i g a t i o n  D e l i v e r i e s  (A-F) 
( S o u r c e :  WRID R e c o r d s )
JAN F h R MAH A F1 R MAY JUN J UL A! 1(3 S FP OCT NOV OF C
1 958 0 0 0 69 7 0 . 2 2 3 9 5 . 16 4 h 7 . 2 1 8 5 2 . 1 74 6 5 . 1 2 8 8 1 . 5 7 7 2 . 0 0
1 959 0 0 0 114{) 0 . 1 3 2 4 5 . 131 2 1 . 1 2 0 5 4 . 852  0 . 4 2 5 8 . 0 0 0
1960 0 0 0 3 6 4 6  . 7 9 0 1 . 7 9 2 8 . 6 6 6 8 . 3 0 4 3 . 38 0 . 0 0 0
1961 0 0 0 2 4 7 5 . 568 1 . 642  0 . 3 6 8 5 . 5 1 9 . 7 1 3 . 91 . 0 0
1962 0 0 0 7 8 2 2 . 1 1 9 0 1 . 1 6 5 7 0 . 1 8 8 4 1 . 1 3 9 8 1 . 9 3 5 6 . 2 3 4 6 . 0 0
196 3 n 0 0 52 2 0  . 1 5 2 9 9 . 1 1 2 8 2 . 2 3 4 5 9 . 1 6 2 1 3 . 9 6 3 6 . 3 9 8 9 . 0 0
1964 0 0 0 6751 . 1 2 4 8 4 . 1 1 9 2 5 . 1 4 2 1 6 . 8 7 3 4 . 5 4 5 4 . 2 5 9 7 . 0 0
1965 0 0 0 7 1 0 8 . 2 1 4 2 6 . 1 6 1 5 9 . 1 9 8 4 9 . 1 4 0 4 1 . 1 4 0 3 3 . 0 0 0
1 966 0 (1 0 1 3 J  0 7 . 1 7 5 5 2 . 12924 . 1 3 0 8 4 . 1 0 5 1 2 . 4 0 6 2 . 2 1 2 3 . 0 0
196 7 0 0 0 3 1 4 2 . 2 0 2 0 4 . 1 8 7 4 6 . 8 0 3 1 4 . 1 7 9 9 3 . 1 0 2 0 8 . 0 0 0
1 968 0 0 0 82 3 4  . 1 4 2 9 9 . 1 3 1 4 6 . 1 2 8 1 2 . 8 1 3 1 . 5 9 7 4 . 2 7 2 5 . 0 0
1969 0 0 0 7 9 28 . 2 1 8 2 0 . 1 4 2 7 8 . 2 2 3 7 2 . 2 0 8 4 6 . 12461 . 5 2 0 8 . 0 0
197 0 0 0 0 5 4 9 8 . 1 6 6 3 1 . 1 8 0 3 9 . 2 1 0 2 0  . 1 5 7 1 6 . 8 0 1 6 . 4 0 9 3 . 1 9 9 . 0
1971 0 0 0 7 9 4 8 . 1 3 95 9 . 1 8 9 7 2 . 2 0 7 6 9 . 1 6 4 6 5 . .1 1 0 2 6 . 4 0 9 8 . 0 0
1 972 n 0 2 5 0 8 . 7 3 4 3 . 14 10 5 . 1 4 4 <> 4 . 1 6 4 5 7 . 104 64 . 4 6 8 . 2 4 4 . 0 0
19 7 3 0 0 0 7 3 7 5 . 2 2 6 4 9 . 2 3 0 3 3 . 1 9 3 5 8 . 1 4 0 3 4 . 789 0 . 3 9 4 9 . 5 6 . 0
1 9 74 0 0 487 , 1 8 6 4 3 . 3 6 7 8 1 . 2 5 0 5 0 . 1 7 6 3 2 . 1 5 3 8 6 . 1 2 8 7 8 . 4 76 4 . 0 0
1976 0 0 0 110 6 * 8 0 6 2 0 . 2 3 5 1 V . 2 4 6 9 9 . 1 6 6 7 0 . 1 1 0 5 8 . 4 6 2 8 . 0 0
1 9 7 6 0 0 0 653 7 . 2 6 0 3 5 . 9537 . 94 15 . 4 6 0 5 . 3 4 4 7 . 3 6 2 6 . 0 0
1 97 7 0 0 64 9 . 2 5 5 6 . 358 7 . 58 74 . 3790 . 1 5 2 . 0 0 0 0
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APPENDIX B 
Smith Valley Wells 
Grouped by Zone and SPPC Route 
103 
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ZONE ONE IRRI GATI ON WELLS
ACREAGE AMOUNTHt KMI I WELL OF OF RIGHT P R I O R I T YOWNER NO. LOCATION RIGHT ( A - F ) DATE
S I X - N  R 12215 SWSE 32 T 1 1/ R24 3 1 0 , 5 1 2 4 2 . 0 0 1 / 1 9 / 4 8FM FULSTONE 12275 S E S E 19 T1 1/R24 4 0 . 0 1 6 0 . 0 02 / ' 34 / 4 8FM FULSTONE 12276 Nr_Nt 30 T l i / R 2 4 3 0 . 0 1 2 0 . 0 0 2 / 2 4 / 4 8FM FULS TONE 12277 SENt 3 0 T 1 1/ R24 2 8 . 0 1 1 2 . 0 0 2 / 2 4 / 4 8FM FULSTONE 12278 NWSW 05 T 1 0/ R24 9 5 . 0 1 4 4 . 5 0 2 / 2 4 / 4 8
RE HINDS 12306 NWSE 19 T 1 1/ R24 . 5 2 . 0 0 3 / 0 3 / 4 8
AJ SCHMID 12339 NESE 19 T 1 1/ R24 3 . 0 1 2 . 0 0 3 / 1 5 / 4 8
CG WINES 1234-0 SENE 18 T 1 1/ R24 1 0 . 0 4 0 . 0 0 3 / 1 5 / 4 8CF CHIDWI CK 12343 NESE 26 T1 1/R23 2 0 . 0 8 0 . 0 0 3 / 1 5 / 4 8
FM FULSTONE 12372 SWNE 35 T1 1/R23 1 6 9 . 0 6 7 6 . 0 0 3 / 2 5 / 4 8
R F E N I L I 12374 NWNt 29 T 1 1/ R24 1 0 . 0 4 0 . 0 0 3 / 2 5 / 4 8
J E  NESMITH 1 2 73? NWSE 24 T1 1/R23 3 0 . 0 1 2 0 . 0 1 2 / 3 1 / 4 8
RWS.8P AMANN 1 3494 SESW 04 T ] 0 / R 2 4 1 9 8 . 0 7 9 2 . 0 0 1 / 2 9 / 4 8
JH WI OHMAN 14013 SWNW 20 T 1 1/ R24 2 . 6 1 0 . 6 0 1 / 2 5 / 5 2
RWS.RP AMANN 14987 SWNW 09 T 1 0/ R24 2 9 3 . 0 1 1 7 2 . 0 0 4 / 1 7 / 5 3
S I L V A  tv F A R I A S 16440 NWNW 03 T1 0/R24 2b?  « 0 1 0 0 8 . 0 0 5 / 0 4 / 5 5
CANEPA BROS 16477 SENE 01 T 1 0/ R23 2 7 0 . 4 9 0 7 . 0 0 5 / 1 2 / 5 5
S I X - N  R 17382 SWSE 32 T 1 1/ R24 1 4 8 . 4 5 9 3 . 6 0 3 / 3 0 / 5 7
WM WEAVER JR 18435 NWNE 20 T 1 0/ R24 6 0 3 . 5 1 4 4 9 . 4 1 1 / 1 9 / 5 9
S I X - N  R 18661 N w N E 04 T1 0/R24 1 8 8 . 4 7 5 3 . 6 0 3 / 2 1 / 6 0
SPARKS NUGGET 1868 0 S E S E 07 T 1 0 / R 2 4 3 0 0 . 0 1 2 0 0 . 0 0 3 / 2 9 / 6 0
RWS.3P AMANN 18879 NENW 09 T10/R2<r 2 8 7 . 0 1 1 4 8 . 0 0 5 / 2 7 / 6 0
FM FULSTONE 18938 SWNW 30 T1 1/R24 5 1 3 . 0 2 0 5 2 . 0 0 6 / 1 6 / 6 0
EL  G I OV A C C HI N I 1 9 3 0 ? swsw 27 T 1 1/ R24 1 3 . 1 5 2 , 4 1 0 / 2 7 / 6 0
JS.M URREA 1 9 6 0 ? SWSW 31 T U / R 2 4 1 9 0 . 1 7 6 0 . 4 0 2 / 2 8 / 6 1
FM FULSTONE 19 T34 SWNE 02 T1 0/R23 6 0 3 . 4 2 4 1 3 . 8 0 4 / 0 7 / 6 1
ERS.CL SMITH 19919 NWSW 36 T1 1/R23 6 . 6 2 6 . 4 0 6 / 1 3 / 6 1
S I X - N  R 19924 SENW 32 T 1 1/ R24 5 5 8 . 0 2 2 3 2 . 0 0 6 / 1 6 / 6 1
WOLFSON&HICKEY 19983 NWNW 32 T11/R24 3 1 6 . 0 1 2 6 4 . 0 0 7 / 1 1 / 6 1
WM WEAVER JR 2 0 014 SENW 20 T 1 0/ R24 3 4 1 . 9 1 3 6 7 . 6 0 7 / 2 8 / 6 1
J  COMPSTON 20977 NWNW 02 T 10/R23 4 0 . 0 1 6 0 . 0 0 1 / 3 3 / 6 3
S I X - N  R 2 2 2 1 5 SWNE 32 T11/R24 4 8 3 . 5 1 9 3 4 . 0 0 7 / 2 1 / 6 0
HUNNEWILL L*,L 2 2 904 SWNE 16 T1 0/R24 1 5 0 . 4 6 0 1 . 6 0 1 / 0 5 / 6 6
S I X - N  R 2 2 9 1 3 SWNE 32 T1 1/R24 6 8 . 4 2 2 4 . 4 0 1 / 1 0 / 6 6
FM FULSTONE JR 23827 NENW 21 T1 0/R24 1 5 6 . 0 6 2 4 . 0 0 1 / 2 3 / 6 7
H GARMS JR 2 3 667 S E S E 28 T 1 1 / R 2 4 1 5 0 . 0 5 3 5 . 4 0 2 / 0 5 / 5 8
H GARMS J R 2 3 668 SESW 27 T 1 1 / R 2 4 1 1 2 . 0 4 4 8 . 0 0 2 / 0 5 / 5 8
H?,nj  GARMS 25279 NENW 33 T1 1/R24 1 5 9 . 0 6 3 6 . 0 0 9 / 1 2 / 6 9
SWARTZROCK 25 374 SESW 09 T1 0/R24 1 5 7 . 5 6 3 0 . 0 1 2 / 0 2 / 6 9
M At .BRIGHT 25506 SESW 07 T1 0/R24 1 6 2 . 5 6 5 0 . 0 0 3 / 2 3 / 7 0
FM FULSTONE JR 26730 NWSW 08 T1 0/R24 9 2 0 . 0 3 6 8 0 . 0 0 5 / 1 7 / 7 2
WM WEAVER JR 2 6 8 8 3 SWSW 17 T1 0/R24 8 0 0 . 0 3 2 0 0 . 0 0 8 / 0 8 / 7 2
lYON COUNTY 26937 NWSE 30 T 11 / R 2 4 1 5 . 0 6 0 , 0 0 8 / 3 1 / 7 2
FM FULSTONE JR 28293 NENW 18 T1 0/R24 2 6 0 . 0 1 0 4 0 . 0 0 8 / 0 8 / 7 3
BURCHETT fv B . J R 29128 SESE 0 3 T 1 0/ R23 8 . 3 3 3 . 2 0 1 / 0 8 / 7 5
S I X - N  R 29 942 NWNE 32 T1 1/R24 9 4 9 . 0 3 7 9 6 . 0 0 1 / 2 6 / 7 6
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z ONE TWO IRRI GATI ON WELLS
ACREAGE AMOUNT
PERMIT WELL OF OF RIGHT P R I O R I T Y
OWNER NO. LOCATION RIGHT ( A - F ) DATE
J J A  L?.L 12321 N ‘.v N E 18 T 1 1/ R24 3 3 . 0 1 1 9 . 6 0 3 / 1 2 / 4 8
J  J  A L 5. L 12322 SWSE 07 T 11 /R2<+ 1 5 . 0 5 4 . 3 0 3 / 1 2 / 4 8
EM&A M I L L E R 17755 SENE 13 T 1 1/ R23 1 5 . 0 6 0 . 0 1 2 / 1 9 / 5 8
A&L M I L L E R 17756 NWNW 18 T 1 1 / R 2 4 2 0 . 0 8 0 . 0 1 2 / 1 9 / 5 8
J R  MATHIS 1 8327 NESW 13 T 1 1 / R 2 3 4 6 . 5 1 8 6 . 0 0 9 / 1 6 / 5 9
S J ^ A S  S T R I E B Y 18990 NWNW 23 T1 1/R23 7 8 . 0 2 9 2 . 0 0 7 / 0 8 / 6 0
ME BACON 19600 NWNW 11 T 1 1/ R23 2 7 8 . 4 1 1 0 1 . 4 0 2 / 2 4 / 6 1
RJS.H S A T T I C A 20351 SWNE 10 T 1 1/R23 2 5 8 . 6 1 0 3 4 . 4 1 0 / 0 4 / 6 0
JR&.CR OBANION 21279 swsw 15 T 1 1 / R 2 3 1 7 9 . 3 7 1 7 . 2 0 5 / 1 6 / 6 3
JR MATHIS 23191 NWNW 13 T i 1 / R 2 3 4 1 . 4 1 6 5 . 6 0 6 / 1 7 / 6 6
PJ8.H S A T T I C A 23521 SWNE 10 T 1 1/ R23 5 4 . 0 2 1 6 . 0 1 1 / 2 8 / 6 6
SCHLUTSM.&MED. 25347 SWNW 12 T l 1 / R 2 3 7 6 . 0 3 0 4 . 0 0 4 / 1 5 / 6 5
SCHLUTSM.NMED. 2554-3 SWNW 12 T l 1 / R 2 3 1 3 2 . 0 5 2 8 . 0 0 4 / 1 6 / 7 0
SCHLUTSM.S.MED. 25690 NWSW 12 T 1 1/ R23 3 2 0 . 0 1 2 8 0 . 0 0 7 / 0 2 / 7 0
ER5.DH OSBORNE 26360 SENW 23 T l 1 / R 2 3 h . 0 2 4 . 0 1 0 / 1 2 / 7 1
MDNJM8ERRINGT0N 26804 NESW 15 T1 1 / R 2 3 3 2 0 . 0 1 2 8 0 . 0 1 1 / 2 0 / 7 0
JJRS.DL MALUGANI 27298 n w s e 13 T l 1 / R 2 3 2 0 . 0 8 0 . 0 0 2 / 2 0 / 7 3
HUNNEWILL L 8 L 30309 NWSE 31 T1 2 / R 2 4 2 8 5 . 0 1 1 4 0 . 0 0 4 / 1 6 / 7 0
HUNNEWILL L 6 L 30310 NENW 31 T1 2 / R 2 4 2 8 5 . 0 1 1 4 0 . 0 1 1 / 2 1 / 6 6
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ZONE THREE IRRI GATI ON WELLS
OWNER
VFS.RA BRYAN 
CHS.FL P E R R I N  
ASSOC R MAN 
GH*,RJ SMITH  
ROES ER 6, SCHOTZ  
ASSOC R MAN 
CH&FL P ER R I N  
CH&FL P ER R I N  
CH5.FL P E R R I N  
MA&AC B L I S S  
6H&BJ SMITH  
LM F A R I A S  
HUNNEWILL L8.L 
JC&HM N E I L L  
CD T E R R E L L  
VFLRA BRYAN 
ASSOC R MAN 
F&K STURTEVANT  
MAS.AC B L I S S  
BUNKOWSKI LM.  
GH&BJ SMITH  






RIGHT ( A - F )
2 5 . 5 1 0 2 . 0
1 4 1 . 2 5 6 4 . 8
9 2 . 7 1 8 . 0
2 7 8 . 0 6 9 5 . 0
1 3 5 . 0 3 3 7 . 5
2 1 4 . 7 8 5 8 . 9
3 6 . 0 1 2 9 . 0
3 8 . 0 1 6 . 1
1 4 . 5 4 8 . 4
1 3 3 . 4 5 3 3 . 6
3 3 2 . 0 1 3 2 8 . 0
1 6 0 . 0 6 4 0 . 0
4 0 0 . 0 1 6 0 0 . 0
3 8 5 . 5 1 5 4 2 . 0
2 0 0 . 0 8 0 0 . 0
2 1 5 . 1 8 6 0 . 4
6 3 8 . 7 1 9 7 0 . 3
6 . 0 2 4 . 0
1 5 7 . 0 6 2 8 . 0
1 8 0 . 0 7 2 0 . 0
1 3 5 . 0 5 4 0 . 0
8 0 . 0 3 2 0 . 0
2 8 0 . 0 1 1 2 0 . 0
















2 2 9 3 6  NENW 
23800  S E S E  
2 4 8 1 5  SENE  
25441 SWSW 
2 5 8 9 5  NENE 
2 6 8 3 8  SENE  
2 7 317  NWSW
03 T 1 1/ R23  
14 T 1 2/ R23  
13 T 1 2/ R23  
36 T 1 2/ R23  
35 T 1 2/ R23  
24 T1 2/R23  
23 T1 2/R23  
23 T 1 2 / R 2 3
26 T 1 2/ R23
35 T 1 2 / R 2 3
36 T 1 2 / R 2 3  
34 T 1 2/ R23
27 T 1 2/ R23
02 T1 1/R23
28 T 1 2 / R 2 3
03 T 1 1/ R23
34 T1 2/R23  
02 T 1 1/ R23  
02 T 1 1/ R23  
02 T 1 1/ R23
35 T1 2/R23
02 T 1 1/ R23
03 T1 1/R23
P R I O R I T Y
DATE
0 8 / 1 1 / 4 8
0 9 / 2 7 / 4 8
0 3 / 2 9 / 5 0
0 7 / 2 0 / 5 5
0 7 / 2 0 / 5 5
1 2 / 0 2 / 5 5
1 2 / 2 9 / 5 5
1 2 / 2 9 / 5 5
1 2 / 2 9 / 5 5
0 9 / 0 4 / 5 9
1 0 / 1 3 / 5 9
0 3 / 3 1 / 6 0
0 5 / 0 4 / 6 0
0 5 / 0 9 / 6 0
0 6 / 2 0 / 6 0
0 5 / 2 8 / 6 2
0 5 / 0 6 / 6 0
0 4 / 1 3 / 6 7
1 2 / 1 3 / 6 8
0 1 / 2 1 / 7 0
1 2 / 1 8 / 7 0
1 1 / 0 3 / 7 1
0 3 / 0 8 / 7 3
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ZONE FOUR I RR I GATI ON WELLS
OWNER
PERMIT
a c r e a g e
WELL OF
AMOUNT 
OF RIGHT P R I O R I T Y
NO. LOCATION RIGHT < A -F ) DATE
ASSOC R MAN 640 0 SWSE 26 T 1 3/ R23 3 9 . 9 1 9 3 . 9 0 2 / 1 4 / 2 1
ASSOC R MAN 6401 SESW 26 T 1 3/ R23 1 3 . 7 9 0 . 7 0 2 / 1 4 / 2 1
ASSOC R MAN 6415 NESE 26 T1 3 / R 2 3 2 9 . 9 1 4 5 . 1 0 3 / 0 4 / 2 1
ASSOC R MAN 7636 S E S E 27 T 1 3/ R23 7 m. 4 3 8 0 . 0 0 2 / 0 5 / 2 6
ASSOC R MAN 7899 SWSE 27 T1 3 / R 2 3 3 . 9 1 8 . 7 0 9 / 2 7 / 2 6
ASSOC R MAN 11025 SWNW 25 T 1 3/ R23 1 4 6 . 3 6 1 9 . 9 1 0 / 2 9 / 4 3
OAS.M SHERMER J R 14466 SENW 30 T 1 3 / R 2 4 3 4 . 0 1 3 6 . 0 0 8 / 0 1 / 5 2
ASSOC R MAN 23133 NESW 25 T 1 3/ R23 3 2 0 . 0 1 2 8 0 . 0 0 3 / 1 1 / 7 4
ASSOC R MAN 29134 NESE 27 T 1 3 / R 2 3 1 0 0 0 . 0 4 0 0 0 . 0 0 4 / 0 2 / 7 3
BUC KS KI N R 29934 S W N E 30 T 1 3 / R 2 4 4 0 0 . 0 1 6 0 0 , 0 0 1 / 2 1 / 7 6
BUC KS KI N P P9935 SWNE 30 T 13/ R24 8 0 . 0 3 2 0 . 0 0 1 / 2 1 / 7 6
ASSOC R MAN 29996 SENW 34 T 1 3 / R 2 3 3 0 0 . 0 3 2 0 0 . 0 0 2 / 1 2 / 7 6
ASSOC R MAN 29997 S ES E 24 T1 3 / R 2 3 84 0 . 0 3 3 6 0 . 0 0 2 / 1 2 / 7 6
MAS.AC B L I S S 30325 n w s e 19 T 1 3 / R 2 4 1 6 0 . 0 6 4 0 . 0 0 6 / 1 4 / 7 6
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SPPC ROUTE 0865 I RRI GATI ON WELLS
ACREAGE AMOUNT
PERMIT WELL OF OF RIGHT P R I O R I T Y
OWNER NO. LOCATION RIGHT ( A - F ) DATE
ASSOC R MAN 2 9 1 8 a NESE 2 7 T1 3/R23 1 0 0 0 . 0 4 0 0 0 . 0 0 4 / 0 2 / 7 3
ASSOC R MAN 29997 SESE 24 T 1 3/ R23 8 4 0 . 0 3 3 6 0 . 0 0 2 / 1 2 / 7 6ASSOC R MAN 2 9 996 SENW 34 T 1 3/ R23 6 0 0 . 0 3 2 0 0 . 0 0 2 / 1 2 / 7 6
ASSOC R MAN 2 2 936 NENW 34 T 1 2/ R23 6 3 8 . 7 1 9 7 0 . 3 0 5 / 0 6 / 6 0
BUC KS KI N R 2 9 934 SWNE 30 T 1 3/ R24 4 0 0 . 0 1 6 0 0 . 0 0 1 / 2 1 / 7 6
HUNNFWILL L&L 18804 n e n e 27 T 1 2/ R23 4 0 0 . 0 1 6 0 0 . 0 0 5 / 0 4 / 6 0
GH&.BJ SMITH 18368 SWSE 36 T 1 2 / R 2 3 3 3 2 . 0 1 3 2 8 . 0 i  0 / 1 3 / 5 9
ASSOC R MAN 2 8 1 8 3 NESW 25 T 1 3 / R 2 3 3 2 0 . 0 1 2 8 0 . 0 0 3 / 1 1 / 7 4
M08JM8ERRINGT0N 2 6 8 0 a NESW 15 T 1 1 / R 2 3 3 2 0 . 0 1 2 8 0 . 0 1 1 / 2 0 / 7 0
HUNNEWILL. LisL 30 30 9 NWSE 3 ] T1 2/R24 2 8 5 . 0 1 1 4 0 . 0 0 4 / 1 6 / 7 0
HUNNEWILL L*.L 30310 NENW 31 T 1 2/ R24 2 8 5 . 0 1 1 4 0 . 0 1 1 / 2 1 / 6 6
NT ANNETT 27317 NWSW 03 T 1 1 / R 2 3 2 8 0 . 0 1 1 2 0 . 0 0 3 / 0 8 / 7 3
RJ&H S A T T I C A 2035], SWNE 10 T 1 1/ R23 2 5 8 . 6 1 0 3 4 , 4 1 0 / 0 4 / 6 0
VF8RA BRYAN 20491 SWSE 03 T 1 1 / R 2 3 2 1 5 . 1 8 6 0 . 4 0 5 / 2 8 / 6 2
ASSOC R MAN 16798 NWSW 24 T 1 2/ R23 2 1 4 . 7 8 5 8 . 9 1 2 / 0 2 / 5 5
CD T E R R E L L 18953 SWSE 28 T 1 2/ R23 2 0 0 . 0 8 0 0 . 0 0 6 / 2 0 / 6 0
JRS.CR OBAMION 21279 swsw 15 T 1 1/ R23 1 7 9 . 3 7 1 7 . 2 0 5 / 1 6 / 6 3
GH&.BJ SMITH 16628 SENW 36 T 1 2/ R23 2 7 8 . 0 6 9 5 . 0 0 7 / 2 0 / 5 5
MAS.AC B L I S S 3 0 325 NWSE 19 T1 3 / R 2 4 1 6 0 . 0 6 4 0 . 0 0 6 / 1 4 / 7 6
LM F A R I A S  . 18689 SWNE 34 T 1 2/ R23 1 6 0 . 0 6 4 0 . 0 0 3 / 3 1 / 6 0
ASSOC R MAN 11025 SWNW 25 T 1 3/ R23 1 4 6 . 3 6 1 9 . 9 1 0 / 2 9 / 4 3
CHS.FL. P ER R I N 12t>51 SWSE 14 T 1 2/ R23 1 4 1 . 2 5 6 4 . 8 0 9 / 2 7 / 4 8
ASSOC R MAN 7636 SESE 27 T l 3 / R 2 3 7 8 . 4 3 8 0 . 0 0 2 / 0 5 / 2 6
BUCKSKI N R 29935 SWNE 30 T 1 3/ R24 8 0 . 0 3 2 0 . 0 0 1 / 2 1 / 7 6
RJ&.H S A T T I C A 23521 SWNE 10 T1 1/R23 5 4 . 0 2 1 6 . 0 1 1 / 2 8 / 6 6
ASSOC R MAN 6400 SWSE 26 T1 3/R23 3 9 . 9 1 9 3 . 9 0 2 / 1 4 / 2 1
ASSOC R MAN 6415 NESE 26 T1 3/R23 2 9 . 9 1 4 5 . 1 0 3 / 0 4 / 2 1
OA&M SHERMER J R 14466 SENW 30 T 1 3/ R24 3 4 . 0 1 3 6 . 0 0 8 / 0 1 / 5 2
CHS.FL P ER R I N 1 6624 nwne 23 T 1 2/ R23 3h • 0 1 2 9 . 0 1 2 / 2 9 / 5 5
V F &PA BRYAN 12575 SWSE 03 T1 1/R23 2 5 . 5 1 0 2 . 0 0 8 / 1 1 / 4 8
ASSOC R MAN 6401 SESW 26 T 1 3/ R23 1 8 . 7 9 0 . 7 0 2 / 1 4 / 2 1
C HS FL  P ER R I N 16826 NESE 26 T1 2/R23 1 4 . 5 4 8 . 4 1 2 / 2 9 / 5 5
ASSOC R MAN 7899 SWSE 27 T 1 3 / R 2 3 3 . 9 1 8 . 7 0 9 / 2 7 / 2 6
ASSOC P MAN 13344 SWSW 13 T12/R23 9 2 . 7 1 8 , 0 0 3 / 2 9 / 5 0
CH&FL P F R R I N 16825 NWNE 2 3 T1 2/R23 3 6 . 0 1 6 . 1 1 2 / 2 9 / 5 5
JH WICHMAN 14013 SWNW 20 T 1 1 / R 2 4 2 . 6 1 0 . 6 0 1 / 2 5 / 5 2
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SPPC ROUTE 0965 I RR I GATI ON WELLS
ACREAGE AMOUNT
PERMIT WELL OF OF RIGHT P R I O R I T Y
OWNER NO. LOCATION RIGHT ( A - F ) DATE
FM FULSTONE  JR 2 6 730 NWSW 08 T 1 0/ R24 9 2 0 . 0 3 6 8 0 . 0 0 5 / 1 7 / 7 2
WM WEAVER JR 26633 SWSW 17 T1 0/R24 8 0 0 . 0 3 2 0 0 . 0 0 8 / 0 8 / 7 2
WM WEAVER JR 18435 N W N E 20 T 1 0 / R 2 4 6 0 3 . 5 1 4 4 9 . 4 1 1 / 1 9 / 5 9
WM WEAVER JR 20014 SENW 20 T 1 0/ R24 3 4 1 . 9 1 3 6 7 . 6 0 7 / 2 8 / 6 1
SPARKS NUGGET 18680 SESE 07 T 1 0 / R 2 4 3 0 0 . 0 1 2 0 0 . 0 0 3 / 2 9 / 6 0
RWS.BR a mann 14987 SWNW 09 T 1 0 / R 2 4 2 9 3 . 0 1 1 7 2 . 0 0 4 / 1 7 / 5 3
RWS.BP AMANN 18879 NENW 09 T 10/R24 2 8 7 . 0 1 1 4 8 . 0 0 5 / 2 7 / 6 0
FM FULS TONE  JR 28293 NENW 18 T 1 0 / R 2 4 2 6 0 . 0 1 0 4 0 . 0 0 8 / 0 3 / 7 3
S I L V A  5. F A R I A S 1644Q NWNW 0 3 T 1 0 / R 2 4 2 5 2 . 0 1 0 0 8 . 0 0 5 / 0 4 / 5 5
CANEPA BROS 16477 SENE 01 T 1 0/ R 2 3 2 7 0 . 4 9 0 7 . 0 0 5 / 1 2 / 5 5
RWS.BP AMANN 13494 SESW 04 T 10/ R24 1 9 8 . 0 7 9 2 . 0 0 1 / 2 9 / 4 8
JS.M UR RE A 19602 SWSW 31 T 1 1/ R24 1 9 0 . 1 7 6 0 . 4 0 2 / 2 8 / 6 1
S I X - N  R 18661 NWNE 0 4 T 10/R24 1 8 8 . 4 7 5 3 . 6 0 3 / 2 1 / 6 0
M A LBRI GHT 25506 SESW 07 T1 C/R2 4 1 6 2 . 5 6 5 0 . 0 0 3 / 2 3 / 7 0
SWARTZROCK 25374 SESW 09 T 1 0/ R24 1 5 7 . 5 6 3 0 . 0 1 2 / 0 2 / 6 9
FM FULSTONE J R 23627 NENW 21 T 1 0 / R 2 4 156*0 6 2 4 . 0 0 1 / 2 3 / 6 7
HUNNEWILL L5.L 22904 s wn e 16 T 1 0 / R 2 4 1 5 0 . 4 6 0 1 . 6 0 1 / 0 5 / 6 6
H GARMS JR 23668 SESW 27 T I 1 / R 2 4 1 1 2 . 0 4 4 8 . 0 0 2 / 0 5 / 5 8
FM FULSTONE 12278 NWSW 05 T 1 0 / R 2 4 9 5 . 0 1 4 4 . 5 0 2 / 2 4 / 4 8
E L  G I OV A C C HI N I 1930 2 SWSW 27 T 1 1 / R 2 4 1 3 . 1 5 2 . 4 1 0 / 2 7 / 6 0
BURCHETT S. B . J R 29128 S E S E 03 T 1 0 / R 2 3 8 . 3 3 3 . 2 0 1 / 0 8 / 7 5
no
SPEC  ROUTE 1065 I R R I G A T I ON W^LLS
ACREAGE AMOUNT
PERMIT WELL OF OF RIGHT P R I O R I T Y
OWNER NO. LOCATION RIGHT ( A - F ) DATE
FM FULSTONE 19734 SWNE 02 T 1 0/ R23 6 0 3 . 4 2 4 1 3 . 6 0 4 / 0 7 / 6 1
S I X - N  R 19934 SENW 32 T 1 1 / R 2 4 5 5 a . 0 2 2 3 2 . 0 0 6 / 1 6 / 6 1
FV FULSTONE 16938 SW'NW 30 T l 1 / R 2 4 5 1 3 . 0 2 0 5 2 . 0 0 6 / 1 6 / 6 0
S I X - N  R 2 2 315 SWNE 32 T 1 1 / R 2 4 4 8 3 . 5 1 9 3 4 . 0 0 7 / 2 1 / 6 0
WOLFSONfsHICKEY 19933 NWNW 32 T l 1 / R 2 4 3 1 6 . 0 1 2 6 4 . 0 0 7 / 1 1 / 6 1
S I X - N  R 12215 SWSE 32 T l 1 / R 2 4 3 1 0 . 6 1 2 4 2 . 0 0 1 / 1 9 / 4 8
FM FULSTONE 1 2 3 7 ? S wnE 35 T l 1 / R 2 3 1 6 9 . 0 6 7 6 . 0 0 3 / 2 5 / 4 8
H80 J  GARMS 25279 nenw 33 T 1 1 / R 2 4 1 5 9 . 0 6 3 6 . 0 0 9 / 1 2 / 6 9
S I X - N  R 17382 SWSE 32 T l 1 / R 2 4 1 4 8 . 4 5 9 3 . 6 0 8 / 3 0 / 5 7
H GARMS JR 23667 SESE 23 T l 1 / R 2 4 15 0 . 0 5 3 5 . 4 0 2 / 0 5 / 5 8
S I X - N  R 22913 S W N E 32 T l 1 / R 2 4 6 8 . 4 2 2 4 . 4 0 1 / 1 0 / 6 6
J  COMPSTON 20977 NWNW 02 T1 0 / R 2 3 4 0 . 0 16 0 . 0 0 1 / 1 8 / 6 3
FM FULSTONE 12275 SESE 19 T l 1 / R 2 4 4 0 . 0 1 6 0 . 0 0 2 / 2 4 / 4 8
FM FULSTONE 1 2276 n e n e 30 T l 1 / R 2 4 3 0 . 0 1 2 0 . 0 0 2 / 2 4 / 4 8
J E  NESMITH 12782 NWSE 24 T 1 1 / R 2 3 3 0 . 0 1 2 0 . 0 1 2 / 3 1 / 4 8
FM FULSTONE 12277 SEME 30 T 1 1 / R 2 4 2 8 . 0 1 1 2 . 0 0 2 / 2 4 / 4 8
CF C H I D w I C K 12343 NESE 26 T l 1 / R 2 3 2 0 . 0 8 0 . 0 0 3 / 1 5 / 4 8
LYON COUNTY 2 6 937 NWSE 30 T 1 1 / R 2 4 1 6 . 0 6 0 . 0 0 8 / 3 1 / 7 2
« F E N I L I 12374 NwNE 29 T 1 1/ R24 1 0 . 0 4 0 . 0 0 3 / 2 5 / 4 8
CG WINES 12340 SENE 18 T l 1 / R 2 4 1 0 . 0 4 0 . 0 0 3 / 1 5 / 4 8
ER&CL SMITH 19919 NWSW 36 T l  1/R23 6 . 6 2 6 , 4 0 6 / 1 3 / 6 1
AJ SCHMID 12339 NESE 19 T l 1 / R 2 4 3 . 0 1 2 . 0 0 3 / 1 5 / 4 8
BE HINDS 12306 NW SE 19 T 1 1/ R24 . 5 2 . 0 0 3 / 0 3 / 4 8
I l l
SPPC ROUTE 1565 I RR I G ATI ON WELLS
ACREAGE AMOUNTHcKMIT WELL OP OF RIGHT P R I O R I T YOWNER NO. L0'CATION RIGHT ( A - F ) DATE
JC6.HM N E I L L 1 8b22 NWNW 02 T 1 1 / R 2 3 3 6 6 . 5 1 5 4 2 . 0 0 5 / 0 9 / 6 0
SCHLUTSM„S.MED. 25590 NWSW 12 T 1 1 / R 2 3 32 0 . 0 1 2 8 0 . 0 0 7 / 0 2 / 7 0
ME BACON 1 960 0 NWNW 11 T 1 1 / R 2 3 2 7 - .  4 1 1 0 1 . 4 0 2 / 2 4 / 6 1
RUNKOWSKI L8.L 2544  i S w s  W 0? T 1 1 / R 2 3 18.'). 0 7 2 0 . 0 0 1 / 2 1 / 7 0MAS.AC B L I S S 24b 15 SENE 02 T 1 1/ R23 1 5 7 . 0 6 2 6 . 0 1 2 / 1 3 / 6 8
GHS.BJ SMITH 2 5 695 n e n e 35 T 1 2/ R23 1 3 6 . 0 5 4 0 . 0 1 2 / 1 8 / 7 0
MAS.AC B L I S S 16313 SWSE 35 T 12/ R23 • 1 3 3 . 4 5 3 3 . 6 0 9 / 0 4 / 5 9
SCHLUTSM.S.MED. 25 54-3 SWNW 12 T 1 1 / R 2 3 13 7 . 0 5 2 8 . 0 0 4 / 1 6 / 7 0
ROESER SCHOTZ 16629 NENE 35 T1 2/R23 1 3 5 . 0 3 3 7 . 5 0 7 / 2 0 / 5 5
MAS.AC B L I S S 2 6 638 S E n E 07 T 1 1 / R 2 3 8 0 . 0 3 2 0 . 0 1 1 / 0  3/ 71
SCHLUTSM.  K.MED. 2 5 347 SWNW 12 T 1 1 / R 2 3 7 4 . 0 3 0 4 . 0 0 4 / 1 5 / 6 5
SJS.AS S T R I E 8 Y 18990 N W N W 23 T 1 1 / R 2 3 7 8 . 0 2 9 2 . 0 0 7 / 0 8 / 6 0
J R  MATHIS 18327 NESW 13 T 1 1/ R23 4 6 . 5 1 8 6 . 0 0 9 / 1 6 / 5 9
J R MATHIS 23191 NWNW 13 T 1 1 / R 2 3 41 . 4 1 6 5 . 6 0 6 / 1 7 / 6 6
J J A  LS.L 12321 nwne 18 T 1 1 / R 2 4 3 3 . 0 1 1 9 . 6 0 3 / 1 2 / 4 8
A&L M I L L t R 17 756 NWNW 18 T 1 1 / R 2 4 2 0 . 0 8 0 . 0 1 2 / 1 9 / 5 8
JJRS.DL MALUGANI 2 7 298 N W S E 13 T 1 1 / R 2 3 2 0 . 0 8 0 . 0 0 2 / 2 0 / 7 3
EM8.A M I L L E R 17755 SENE 13 T 1 1 / R 2 3 1 6 . 0 6 0 . 0 1 2 / 1 9 / 5 8
J J A  LS.L 12322 SWSE 07 T 1 1 / R 2 4 1 4 . 0 5 4 . 3 0 3 / 1 2 / 4 8
FS.K STURTEVANT 23800 S E S E 02 T 1 1 / R 2 3 6 . 0 2 4 . 0 0 4 / 1 3 / 6 7
FR8.DH OSBORNE 26360 S E N W 23 T 1 1 / R 2 3 6 . 0 2 4 . 0 1 0 / 1 2 / 7 1
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APPENDIX C
D e p th  t o  W a t e r  M e a s u r e m e n t s
D e p t h  t o W a t e r ,  SPPC R o u t e 0865 ( F e e t )
O b s e r v a t i o n  W e l l  
L o c a t i o n 6 / 7 6 7 / 7 6
D a t e  o f  
8 / 7 6
O b s e r v a t i o n
3 / 7 7 6 / 7 7 8 / 7 7
NE SW 15 T 1 1 /R 2 3 115 — 113 31 — —
SW SE 30 T12 /R 24 139 109 — — 121 15 8
NE NW 34 T12/R2 3 92 — 92 21 — 152
SE NW 34 T12/R23 125 — 78 27 — 97
NW SW 3 T 11 /R 23 180 — 170 112 — 186
NW NE 10 T11/R2 3 115 147 149 — — 151
113
Depth to Water, SPPC Route 0965 (Feet) 
Observation Well Date of Observation 
Location 6/76 7/76 8/76 3/77 8/77 
NE NW 18 Tl0/R24 220 139 225 
sw sw 17 Tl0/R24 180 187 116 
NW sw 8 Tl0/R24 190 97 
SW NE 16 T10/R24 178 194 113 
SE sw 4 Tl0/R24 120 116 116 86 124 
SE NW 9 Tl0/R24 188 180 103 201 
Depth to Water, SPPC Route 1065 (Feet) 
SW SW 32 Tl1/R24 212 132 103 
Depth to Water, SPPC Route 1565 (Feet) 
Observation Well Date of Observation 
Location 6/76 7/76 8/76 3/77 
sw NW 23 Tll/R2 3 163 124 
NW sw 12 Tll/R2 3 97 100 45 
NW NW 11 Tll/R23 75 78 80 49 











E l e c t r i c  P o we r  C o n s u m p t i o n  o f  S m i t h  V a l l e y  I r r i g a t i o n  W e l l s
t
e l e c t r i c a l  power c o n s u m p t i o n  of s m i t h  val l e y  i r r i g a t i o n  wells
(SOURCE: SIERRA PACIFIC POWER COMPANY)
ID ELECTRICAL CONSUMPTION (KWH)
NO. YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1 1974 0 0 0 0 190 4330 30 2970 0 0 0 0
2 1974 0 0 0 0 2287 6267 5003 4485 5059 5199 0 0
3 1974 0 0 0 1598 72s 885 1459 64] 1705 10 25 0 0
4 1974 0 0 0 969 1327 2158 2232 13 77 27 35 1041 0 0
5 1974 44830 42240 4 0 7 31 2 4362 3 9 948 45 0 85 4 20 6 8 23520 4304 8 3 98 78 3B866 34 340
5 1975 28104 31321 3 6 884 37600 38021 4 2045 4 19 7 3 35419 2 6764 2 28 26 166 08 1 5 6 0 1
5 1976 13257 2 4829 4 2 2 3 5 4 50 1 6 4 0 9 7 3 38771 4 1 284 4 39 37 42421 3 99 63 24 7 09 1 7 7 06
5 1977 14198 13818 2 2 876 3 6228 3 7 8 9  h 4 1708 4 3 2 7 6 39398 40381 4 0618 3 9218 3 9553
6 1976 0 5 8 4 52 22 0 0 0 0 0 0 0
7 1977 0 0 0 20 0 0 0 0 0 0 0 0
8 1974 0 0 0 0 0 3 0 0 0 0 0 0
8 1975 0 0 0 0 n 0 0 0 13262 2750 206 62 0 3
8 1976 0 0 0 0 1219S 5 1395 4 8 272 410 0 8 50780 14893 0 1
8 1977 0 0 0 0 22556 38718 34505 294Q2 33890 5 1876 289  35 4 19
9 1977 0 0 0 0 n 21745 15233 16276 17806 3 0 0 7 0 3 7 95 1 9 7
10 1974 0 0 0 3093 6035 11324 7968 11121 14567 7020 5 5
10 1975 0 0 0 6 5 0 22 9060 10780 9414 7840 4523 2688 0
10 1976 0 0 0 49] 37598 4 7818 44460 42298 50791 3115 0 0
10 1977 0 0 0 15248 47736 37682 35453 45408 47675 11249 923 0
11 1974 0 0 0 0 21499 18338 12620 12741 14668 19861 0 0
11 1975 0 0 0 0 0 13136 13440 11431 16905 0 0 1
11 1976 0 0 0 0 31149 51930 47943 52747 50962 7996 0 0
11 1977 0 0 0 0 4 5 262 4 7 73b 48969 45346 45731 12305 0 0
1? 1977 0 0 0 0 0 18338 15500 26925 12932 0 0 0
13 1974 0 0 0 0 1616 7 26495 17369 23700 25262 24117 849 0
13 1975 0 0 0 0 0 14994 7036 29940 13960 979 0 0
13 1976 0 0 0 0 n 0 0 0 0 0 0 0
13 1977 0 0 0 0 0 0 0 0 0 0 0 0
14 1975 0 0 0 0 0 0 0 0 0 0 0 0
14 1976 0 0 0 0 21600 7 b 5 1 2 71040 38400 73344 9984 0 0
14 1977 192 0 0
15 1974 0 0 0
15 1975 0 0 0
15 19 76 0 0 0
15 1977 2 0 0
16 1974 0 0 0
16 1975 0 0 0
16 1976 0 0 0
16 1977 0 0 226
17 1974 0 0 0
17 1975 0 0 0
17 1976 0 0 0
17 1977 1 0 0
18 1976 0 0 0
18 1977 0 0 960
19 1977 0 0 0
20 1977 0 0 0
21 1976 0 0 0
21 1977 0 0 1609
22 1977 0 0 0
23 1976 0 0 0
23 1977 0 0 0
24 1974 0 0 0
24 1975 385 476 * 2 5
24 1976 309 772 538
24 1977 317 390 503
25 1977 0 0 0
26 1974 0 0 0
26 1975 0 0 0
26 1976 47 47 50
2 6 1977 48 60 64
27 1974 0 0 0
27 1975 0 0 0
28 1976 1 0 0
28 1977 1 0 0
29 1974 384 1056 288
0 48 96n 7 1 2 3 2 72960 6 8 2 5 6 6 9 4 0 8 11520 9600 0
0 269  J 40 79 2 6 8 9 6 4 7 66 4811 0 0
1 0 0 0 0 4 8 63 3294 67 0
4 9 9 9 2 1 1 8 4 4 1 5 9 7 3 3 3 7 9 2 0 4 7 3 4 4 1 5 6 1 2 284 5 2 65 0
11937 3 9 3 1 4 443 0 3 0 630 2 6 3 6 9 16297 9251 0
0 M 0 0 0 2 0 0 0
0 0 0 0 0 0 0 5 32
294 49 477 48161 4 1 7 7 3 5 0 3 7 3 5 1 9 7 6 36 0 06 902 0
2 3 5 0 8 4 8 9 3 3 4 0 640 4 9 7 0 9 4 8 0 5 9 49171 5 2 5 9 2 18520 11480
0 64 4  6 1 5 948 8 3 25 15533 12700 638  1 0 0
0 0 1 0 739 9 3 1 5 11498 159 08 1276 0 0
0 0 14321 144 06 8 5 3 9 3310 0 0 0
0 0 3 6 39 3600 0 0 0 0 474 7
0 2 5 1 5 ? 5 5 7 7 6 3 5 4 2 4 192 19200 2 1 5 0 4 2 5 92 96
5 8 56 2 5 5 3 4 2 9 6 6 4 5 8 560 760 32 6 3 3 6 0 5 2 4 1 6 3 5 7 1 2 264 0 0
0 0 0 0 0 0 4 6 0 8 10560 30 72
0 2 4 4 4 1 1750 15100 2 1 6 4 6 286 34 22081 5 085 3 5 32
67 1 3 4  y 6 4 5 27 0 7966 1206 60 1 4 5270 710 0
29 0 5 8 2 7 0 4 365 5440 5 0 45 1726 2 2 25 3510 1915
0 0 0 96 2112 2 6 4 9 6 2 7 0 7 2 11232 0
2 0 2400 14769 9342 15908 7830 6654 0
641 13466 19529 2 2 6 5 6 2 9 8 4 0 4 1 4 7 8 2 0 8 3 5 34 01 3
0 0 0 204 500 488 357 373 449
588 612 372 458 612 386 4 23 282 368
283 551 607 1 5 924 32 496 3 4 0 7 9 2 9 1 5 5 9217 380
474 765 10434 3 1 1 8 6 2 9 860 30371 31321 9708 831
0 0 0 0 0 0 0 0 4
97 3 2 2 4 4 4 7 015 3 8 7 8 6 2 4 7 6 9 3 0 8 0 5 2 0 3 7 8 0 0
0 17739 25821 3 2 968 3 1 9 4 6 2 8 3 5 2 99 4 6 952 53
51 11379 3 3 257 21561 11571 26301 14848 2187 40
3499 2 0 1 7 9 2 1 8 6 8 6796 24570 2 6 2 5 9 11387 245 0
0 1583 12390 10076 7211 9746 92 6 4 0 0
0 0 9974 11821 12635 9 8 2 5 11315 335 0
0 4417 22 8 6 110 72 6029 11556 6079 778 0
1776 9 8 6 ft 92 2 2 8927 12273 12025 53 4 8 1797 0
192 2380 8 6 9 2 1 6 4 9 0 5 6 4 3 9 6 8 4 6 1 7 6 36960 0 0
f—1
CO
29 19 75 0 0 96 0 0 3 168
3 0 1976 0 0 0 96 1 6 / 0 4
30 1977 576  480 480 23 0 4 31 680
31 19 74 0 0 0 0 319
31 1975 0 0 0 0 0
32 1976 0 0 0 0 n
33 1974 0 0 0 0 172
33 1975 0 0 0 0
34 1976 0 0 0 0 794
34 1 977 0 0 0 0 0
35 19 74 0 0 0 10 35 96 7
35 1975 0 0 0 0 0
35 1976 0 0 0 0 11496
35 1977 0 0 0 50 01 14 8 9 0
36 1974 0 0 0 0 0
37 1974 0 0 0 0 8416
38 1974 0 0 0 20 10 7 2 0
38 1975 0 0 0 0 0
38 1976 0 0 0 0 1013 0
38 1977 0 0 0 8580 310 9 0
39 1974 0 0 0 0 8 517
40 1974 0 0 0 0 0
41 1974 0 0 0 0 0
42 1974 0 0 0 1516 3 0 2 5 2
4 3 1974 0 0 0 888 14267
44 1974 0 0 0 0 1
45 1975 0 0 0 0 1257
4 6 1976 0 0 0 0 6 4 13
46 1977 0 0 0 3278 4 351
6 I S  LAST ACCOUNT FOR ROUTE 0865
47 1974 C 0 0 0 966
47 1975 0 0 0 0 43'-
47 1976 0 0 215 4 1 79 8246
47 1977 3 1 1325 3417 11991
48 1974 0 G 0 0 103
48 1975 0 0 0 0 0
4 8 960 5 0 8 8 0 518  4 0 68 352 3 3984 4 6 0 8 ?  8 H
65H56 5 1 9 3 6 4 0 1 28 5 4 9 1 2 3 0 0 4 8 3 152 672
5 1 2 6 4 2 5 1 5 2 6 7 7 7 6 5 1 7 4 4 3 1 3 9 2 20 1 6 384
3 9 04 134 2 0 0 0 0 0
0 0 0 0 0 0 0
0 1 0 0 0 0 0
721 256 1 9 1 ? 1348 1430 1008 201
1104 1000 10 00 0 0 0 0
946 19 76 0 0 0 0
0 0 0 0 0 G 0
8/ 1938 1 728 3890 167 0 0
1 8 6 5 13 36 3845 1 949 1742 0 0
16971 13946 8340 15704 48 5 9 0 0
11612 9 0 88 14830 19496 39 4 5 6 63 4 8 60
0 1 9994 49 2 9 9 0 46 7281 0 0
7360 8851 7022 7970 0 0 0
6360 6840 5420 1 0090 3560 0 0
7750 9710 9960 2150 0 0 0
3 2 3 2  0 22570 1696 0 3 1 260 10170 0 0
26760 28610 37690 38490 11850 884 0 0
0 0 0 0 14320 0 0
0 2440 0 0 0 0 0
1187 1231 1 34 2 1221 0 0 0
4 0 4 4 8 31091 26680 2 2 574 19065 0 0
2621 1 2 5 0 7 4 2200 1 3 6 133 9650 0 0
146 2 576 2 4 768 2 2 8 4 8 384 0 0
7116 5448 6371 459 248 0 0 0
5586 4212 5953 3300 0 0 0
59 01 38 71 2321 139 3 939 420 0
0 0 1 0 0 0 0
0 0 0 0 0 0 0
12804 8359 6088 1 0703 1 960 0
12845 9890 9742 11514 3612 0 0
1104 716 7 1 ? 595 0 0 0
688 1046 833 1131 230 1 0
48 1976 0 0 0 0 5 686 556 4 79 50 0 0 0
48 1977 0 0 0 0 0 0 0 0 0 0 0
49 1974 0 0 0 0 0 0 1 2 418 7831 0 0 0
4 9 1975 0 0 0 0 0 5 3 2 9 99 0 0 3 6 37 0 0 0
4 9 1976 0 0 0 0 0 3 9 8 6 4 272R7 19298 0 0 0
49 1977 0 0 0 ■ 0 0 55 7 7 1 5 605 4 2 4 7 9 3 7 0 7 4 3 6 3 0 6 0
50 1977 0 0 0 0 0 0 3 3 4 2 8 16783 12434 13073 0
51 1974 0 0 0 0 9 7 126 114 61 1 05 0 0
51 1975 0 0 0 0 0 116 35 105 2 63 1
51 1976 0 0 1 1 2 1 09 5 2 6 0 0 64
51 1977 0 0 1 1 n 1 0 6 1 0 0 1
52 1974 0 0 0 0 1744 0 2 1 160 18160 10 0 8 0 2800 0 0
52 1975 0 0 0 0 0 12600 7320 11960 11000 0 0
5 ? 1976 0 0 0 0 34 680 7 1 460 62 080 3 6 960 3 5 0 4 0 0 0
52 1977 0 0 0 19040 6 5 8 8 0 A58 0 0 A5840 6 1 280 6 4 320 4 1 4 0 0 2 3 930
53 1974 0 0 0 0 2151 0 0 0 0 0 0
53 1975 0 0 0 0 0 0 5 453 233 0 0
54 19 76 0 0 0 0 0 319 563 0 352 0 0
55 1977 0 0 0 0 0 228 0 0 0 0 0
56 1974 0 0 0 0 1 7 6 6 a 620 16 5 5 3 9 2 4 6 3 6 8 6 2 4 9 6 4 0 5 1 2 0
56 1975 0 0 0 0 0 4 7 2 3 2 55200 6 7 8 7 ? 6 4 1 2 8 5 2 4 1 6 0
56 1976 0 0 0 0 48 0 7 2 6 7 2 5 9 328 4 9 7 2 8 6 9 3 1 2 8160 0
56 1977 0 0 0 0 3 9 2 6 4 6 0 096 36192 5 7 6 9 6 6 3 5 5 2 7200 96
57 19 74 0 0 0 96 3 A 8 4 6 5 6 7 3 6 4 9 3 4 4 4 4 256 4 6 4 6 4 3 8 5 9 ? 7008
57 1975 0 0 0 0 0 45120 41280 5 0 2 7 ? 4 1 9 5 2 4 2 4 3 2 0
57 19 76 0 0 0 0 2 0 3 5 2 6 3 2 6 4 47 328 2 4 7 6 8 7 1 2 3 2 7584 1920
57 1977 0 0 0 96 4 9 3 4 4 5 1 0 7 2 33 408 2 2 3 6 8 5 0 5 9 2 1 8 9 1 ? 0
58 1974 0 0 0 0 14995 12654 8182 12041 6710 0 0
58 1975 0 0 0 0 3 6 0 0 5671 0 0
58 1976 0 0 7 23 A 29 168 14806 2 2 296 3 8 4 1 8 6 7 28 0
58 1977 0 2 0 61 2 7 4 0 3 4 3 3 8 9 18805 3 9 659 4 0 450 16864 0
59 1974 0 0 0 0 4 5 79 6728 3980 2663 5805 1377 0
6 0 1975 0 0 0 0 0 0 0 4467 8907 1204 0
61 1975 0 0 0 0 0 0 0 4467 8907 1204 0
62 1976 0 0 0 0 352 1523 530 0 0 0










































































0 0 0 0 444 70 7 383 187 406 115 0 0
0 0 0 0 0 0 0 4 65 477 76 0 0
0 0 0 0 0 0 0 465 477 76 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 o 0 0 0 0 0 0 0
0 0 0 0 13190 4 8 4 6 0 2 9 80  0 2631 0 3 6 0 4 0 3 0 980 0 0
0 0 0 0 20 0 4 2 7 3 0 4 2 9 2 0 2 4 850 32 820 19500 0 0
0 0 0 0 0 6 1 8 1 0 5 6 2 8 0 5 4 7 6  0 4 9 4 2 0 336  0 3770 0
0 0 0 8490 3 5 480 4 1 4 3 0 3 6 150 4 9 050 29 250 2790 0 0
0 0 0 0 1081 1807 6 34 21 1 9 84 0 324 0 0
0 0 0 0 0 1679 1352 21 79 1745 346 565 0
0 0 0 0 1 89 1507 1737 414 1109 0 0 0
0 0 0 0 484 1 681 333 676 347 251 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 n 0 0 0 0 0 0 0
0 0 0 6560 4 72 0 0 2 8 3 2 0 5 5 040 34 560 2 0 960 0 0 0
0 0 0 0 10880 4 2 2 4 0 4 2 560 27 200 4 1 2 8 0 1600 0 0
0 0 0 15040 3 4 5 6 0 9 3 760 8 6 080 4 1 920 7 6 8 0 0 2 5 920 0 0
0 0 0 7840 64320 2 8 960 2 8 960 81 760 8 8 0 0 0 4 4 9 6 0 0 160
0 0 0 7640 5 7 1 2 0 2 3 960 5 5 360 230 4 0 16640 0 0 0
0 0 0 0 3120 5 0 520 34080 5 0 520 454 0 0 8920 40 0
0 0 0 16840 3 2 3 2 0 1 2 5 8 0 0 4 2 720 5 7 2 8 0 1 0 3 5 2 0 2 2 720 0 0
0 0 0 4 1 6 0 1 0 2 2 4 0 51360 3 5 8 4 0 1 1 3 6 0 0 1 3 1 6 8 0 6 2 4 0 0 0 0
0 0 0 0 23 3309 1537 i o n 838 636 0 0
0 0 0 0 0 2317 0 1954 1000 0 0 0
0 0 0 0 0 1148 465 854 0 0 0 0
0 0 0 0 0 649 0 665 0 0 0 0
0 0 0 0 0 0 280 13120 0 0 0 0
0 0 0 0 0 0 0 0 0 0 10160 0
0 0 0 0 5 3 920 75800 56 920 33480 6 6 480 11120 0 0
0 0 40 0 62520 5 9 720 60560 6 3 960 6 8 920 36960 0 0
0 0 0 0 395 6 2453 10161 6122 6449 2718 0
0 0 0 0 0 3304 3457 9980 5 9 49 1274 0 0
0 0 0 0 86 0 2380 3044 1871 328 45 0
121
77 1977 0 0 0 0 405 214 1 5 3 28 5 3 28 1041 4 7 04 0
78 19 76 0 0 0 0 1 15 17891 17653 2 6 3 9 7 2 8 8 1 4 1 1
78 1977 0 0 0 0 2 1) 1 5 1 2 3 6 9 7 1 5 3 9 5 3 0 5 9 9 3 6 5 6 4 0 1
79 1975 0 0 0 0 0 4704 0 0 0 0 0
79 1976 0 0 0 0 7 68 2 0 4 4 8 2 1 0 2 4 3 0 528 3 0 1 4 4 0 0
79 1977 0 0 0 0 3 0 8 16 2 6 2 0 8 17760 3 3 6 0 0 3 8 4 9 6 0 0
80 1974 0 0 0 3 2 9 3 3 5 6 4 5 6 0 0 1 1 2 2 4 8 5 2 0 5 8 7 0
80 1975 0 0 0 0 3 5 7 1 7 0 0 0 0 4 8 9 4 ? 2 3 04
80 1976 0 0 82 1 2 1 9 3 6 3 9 4 6 9 3 0 8 6 2 3 5 0 8 9 2 4 4 3 9 0 0
80 1977 0 69 0 12533 6 0 298 3 1 4 7 9 8 7 3 5 28 8 ! 8 1 7639 3 2 050 3 9 6 4  0
81 1974 0 0 0 0 2 5 280 8 1 7 6 0 60320 6 0 8 0 0 27 040 4 0 640 0
81 1975 0 0 0 0 0 38 2 4  0 8 2 8 8 0 7 7 760 6 8 9 6 0 4 0 0 0 0
81 1976 0 0 0 0 160 5 3 1 2 0 7 7 1 2 0 6320  0 5 5 360 0 0
81 1977 0 0 0 160 320 384 0 0 5 1 2 0 0 59 0 4  0 4 6 5 6 0 0 0
8 ? 1974 0 0 0 5184 5856 2 1 7 9 2 3 4 6 5 6 3 5 0 4 0 5 4 0 4 8 528 0 0
8 ? 1975 0 0 0 0 288 18912 15840 3 2 7 3 6 14112 2 5 7 2 8 0
8 ? 1976 0 0 0 0 5 5 7 7 6 7 1 8 0 8 6 3 2 6 4 5 2 8 9 6 5 3 4 7 2 3 7 6 3 ? 5 76
8 ? 1977 0 0 0 0 7 2 6 7 6 44 0 64 4 6 080 5 7 7 9 ? 4 1 1 8 4 10464 46 272
8 3 1974 0 0 0 0 198 41 184 4 1 1 8 4 4800 7872 1 0080 0
83 1975 0 0 0 0 0 15840 0 18528 16608 0 0
83 1976 0 0 0 96 0 4 8 1 9 2 5 8 560 5 2 1 2 8 5 6 3 5 2 0 0
83 1 977 0 0 0 1344 576 2 5 1 5 2 7 3 1 5 2 5 6 8 3 ? 3 6 0 9 6 11136 0
84 1975 0 0 0 0 0 16132 2 9 1 7 8 2 5 8 5 7 2494 2 0 5 3 7 0
84 1976 0 0 0 0 10 18858 17089 9 7 9 ? 16519 1 0
84 1977 0 0 1 0 0 2 5 530 45441 2 3 8 3 2 18462 7887 0
85 1974 0 0 0 0 6 8 69 12615 7125 10370 7624 4514 13984
85 1975 0 0 0 0 6 4 09 10441 5727 8549 7094 300 0
85 1976 0 0 1290 37 4 9 18168 3 7 8 5 9 30460 20441 3 7 5 7 7 10409 5813
85 1977 96 0 3 11647 2 6 890 2 8 44  7 3 1 1 5 8 4 0 687 3 9 7 6 8 16912 2046
86 1974 0 0 0 0 2042 0 0 0 0 0 0
86 1975 0 0 0 0 0 98 327 353 147 146 0
86 1976 0 0 0 0 134 884 711 667 1054 0 99
36 1977 0 0 0 172 393 566 394 4 74 602 173 0
86 I S  LAST ACCOUNT FOR ROUTE 0965
87 1974 0 17554  . 0 0 0 0 0 1 0 0 0
87 1975 0 0 0 7381 0 0 0 0 1 0 0
87 1976 0 0 0 0 0
87 1977 0 0 0 4 8 38 0
88 1977 0 0 0 0 0
89 1974 0 0 0 0 19 s
89 1975 0 0 0 39 33
89 1976 0 0 0 • 0 0
89 1977 0 0 0 0 0
90 1974 0 0 0 0 54 9
90 1975 0 0 0 98 216
90 1976 0 0 0 0 0
9 0 1977 0 0 0 0 0
91 1974 0 0 0 0 0
91 1975 0 0 0 0 0
91 1976 0 0 0 0 125
91 1977 0 0 0 0 0
92 1974 0 0 0 1551 19619
92 1975 0 0 0 0 0
92 1976 0 0 0 0 3 5 J 8 S
92 1977 0 0 0 0 4 2 2 5 3
93 1974 0 0 0 0 0
94 1974 0 0 0 0 4840
94 1975 0 0 0 0 0
94 1976 0 0 0 8927 9690
94 1977 0 0 0 0 2 1 690
95 1976 0 0 0 0 0
95 1977 0 0 0 7337 12008
96 1974 0 0 0 0 0
96 1975 0 0 0 0 0
96 1976 0 0 0 0 26680
96 1977 0 0 0 18120 59840
9 7 1974 0 0 0 0 0
97 1975 0 0 0 0 0
98 1976 0 0 0 1576 50 895
98 197 7 0 0 0 0 44 569
99 1976 0 0 0 0 198
99 1977 0 1 0 766 »72
1
4 2 6 2 3 3 8 8 4 8 3 2 461 11880 0 0
2 7 0 4 2 4 1 2 2 0 3 4 0 6 9 4 2 6 9 2 38401 5 7 6 6
0 0 0 0 0 . 161
525 422 807 570 0 0
75 87 0 0 0 0
0 0 0 0 0 C
0 0 0 0 0 0
1193 977 2042 1378 0 0
416 397 378 229 0 1 10
791 528 269 81 0 0
0 0 0 0 0 0
0 70 0 745 936 10 00 0
2 1378 1295 213 1 0
779 685 533 0 0 0
0 0 0 1 0 0
5841 7180 10392 29 4 8 0 0
5194 4246 7633 16986 1761 0
66471 5 9 7 3 6 5 7 9 4 6 22 4 4 6 8 13 0
2 8 6 7 7 5 6 340 5 8 0 5 5 1 7226 1791 0
0 0 0 0 0 0
0 1382 9663 585 0 0
0 32 8 3 0 7830 0 0
32984 2 1 740 3 5 1 6 9 3556 0 0
13343 2 4 4 0 2 14495 2153 0 0
3140 3693 2 0 0 0
6431 2390 7 9 22 1828 2799 0
3120 6680 8040 0 0 0
760 520 0 920 0 0 0
36760 28560 3 4 680 0 9640 0
41920 5 7 680 52840 17680 6360 0
0 0 227 0 0 0
0 0 0 0 0 0
44761 22501 3 1 116 2 9 2 3 9 0 0
2981 1 4 7 5 0 4 5 3 4 7 3 2 1 3 6 4 15432 0
918 966 1449 1327 1840 1193
816 384 419 339 0 0
2 3 8 3 5































4 9 1 5 9





l on 1974 0 0 0 0 24640
10 0 1975 0 0 0 0 16(i
100 1976 0 0 0 0 4 3640
1 u 0 1977 0 0 0 45600 8 4 1 9 2
101 1976 0 0 0 0 8 365
101 1977 0 0 0 1787 1471
102 1974 0 0 0 0 0
102 1975 0 0 0 83 6
102 1976 0 0 0 0 7269
102 1977 0 0 0 0 8 946
103 1977 0 0 0 0 0
104 1977 0 0 0 0 0
105 1974 0 0 0 0 0
105 1975 0 0 0 0 n
105 19 78 0 0 0 0 7
105 1977 0 0 1 816 6 6 0 8
105 IS LAST ACCOUNT FOR ROUTF 1065
1 06 1975 0 0 0 0 0
106 1976 0 0 0 0 0
106 1977 0 0 0 0 0
107 1975 0 0 0 0 0
108 1976 0 0 0 0 19 840
108 1977 0 0 0 0 H 3 0 0
109 1977 0 0 0 0 (3 6 6
110 1975 0 0 0 0 1204
no 1976 0 0 774 1430 2779
no 1977 0 0 213 2375 1935
i n 1976 0 0 0 0 0
i n 1977 0 0 0 0 0
112 1975 0 0 0 0 59 3
113 1976 0 0 0 0 152
113 1977 0 0 0 317 0
114 1975 0 0 0 0 14 06
114 1976 2 5 0 197 4 3 365
114 19 77 938 0 0 30378 2 9 718
115 1975 0 0 0 0 0
346 0 0 3320  0 1 9200 2 68 80 40 0 0 0
390 0 0 23320 3 1 9 6 0 2468  0 140 0 54 8 0 0
4 37 7 6 79392 4 5 2 16 7 0 27 2 2304 2 2 8 a8 1056
77472 8 02 5 6 7 7568 6 3 0 72 2 4096 0 0
1 2478 274 0 1801 1 0 0
1 256 1977 1755 1295 287 0 0
0 0 0 0 0 0 3
4342 6624 159 0 3694 2596 1847 0
8638 566 2888 7372 4871 0 0
7386 3469 4486 7762 8340 6769 58 7
0 0 l 29 107 56 74 153
0 0 3092 471 144 0 1
0 0 0 0 0 0 0
0 0 0 0 0 0 0
2 54 3 4495 2 2585 0 652 J 68 0 3
3549 5711 4 3714 1950 0 3 4219 4 4 9 4 1 826 1
3221 1 483 985 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
340 10 35900 324 0 19930 0 0 0
28560 23050 7960 17560 7900 3740 31 0
17564 25029 12754 2 4665 9718 4264 0
3509 3513 3165 1734 725 143 0
3496 5479 1953 2742 1940 17 6
3922 4780 3725 2936 1158 1671 0
1 0 0 0 0 0 0
9 2 25 1 22 49 4
2399 1625 1477 908 784 0 0
0 98 429 9 3 73 374 0
285 0 0 0 0 0 0
7174 1665 15284 666 4539 0 0
37903 46690 471«0 51487 6261 0 0
513 0 2 44 666 4 5696 42609 10934 0 16272
0 6715 0 0 1 0 1
124
115 l97n 0 0 0 237 3002/ 29310 ?9011() ?or.-,n 3
1)?"!U n 
llC., 1CJ71 0 () 0 32004 4bH3~ 443S7 J9~Sl lt()h~) {, {fit(• ·1:, l <)7l) 1\ 
11 b llJ E; 0 () 0 0 (J 1~20 3370 0 0 0 
116 1976 0 0 0 12170 43350 40230 l6200 3?GHO 44440 2tl?O 
116 1977 0 0 0 25260 41070 43340 33300 39?10 38100 {t 41 0 
117 1976 0 0 0 0 () 3089 2737 1976 1436 66H 
117 1977 0 0 0 1216 l 7 0 •:; 1712 1035 1173 1417 0 
11R 1977 0 0 0 0 2 :~ 291 41 0 0 0 
119 1975 0 0 0 0 0 8190 05Ql }} It C}l. 7S::l3 0 
120 19 76 0 0 0 0 4630 ?.H40 7712 ?~i 0 4 6H3~) 0 
121 1977 0 0 0 0 l ~i 0 3 H 61f:6 303? 73?5 0 
122 197'3 0 0 0 () () ?U::i"ll "(2A6 C)<)it 7 0 L\610 
122 1g76 0 0 0 0 13~6q 4l3S2 44668 26091 396AH 0 
122 1977 0 0 0 ?1816 42~41 46266 41961 4197R 419R9 9'• q 1 
123 197S 0 0 ., 9 () 11030 105'•6 11156 4HA'• 447? 
123 1976 () 0 0 0 lt!.S., 10~99 9967 h., '17 991!3 (J 
12 '• 19"17 0 0 0 () '• 51j !.lh 1 !1 7?75 l) 9 A 6 60Q7 
() 
125 1975 0 0 0 0 o 3Hn8B 32El32 40704 35904 25'•'•0 
125 197h 0 0 0 192 210214 46044 436AO 3004A 43R72 1497A 
12S 1977 0 0 0 1Y2 31M7? '•3J9C. 307?0 38016 47B08 17952 
126 1975 0 () 0 0 0 3H293 C.2097 'in919 16H?6 1016'• 
1?6 1976 20 0 13 65 l4J4S 29994 26~88 14823 26768 60?A 
126 1977 0 0 0 431Hl Iql~4 20b3H 27212 2447R 22771 9fl43 




















































S y s t e m s  Model  D o c u m e n t a t i o n
PROGRAM MODEL ( I NP UT ♦OUT PUT♦T A P F 8 ♦T A P E 5 = I N P U T ♦TAPE6  = 0 U T P U T )
Q # •>;- .“r j;. # r, # # -y- 3 3 3 3 3 3 3 3 3 3 -if if 3 if if -3 -3 -3 3 -3 -3 -3 -if 3 3 3 33 -3 3 -if -3 if -3 3 -3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3


































WRITTEN FOR THE MNF FORTRAN COMPI L ER  A V A I L A B L E  ON THE U N I V E R S I T Y  
OF NEVADA SYSTEM COMPUTER CENTER CDC 6400  F A L L ♦ F A L L  1 0 7 6 .
T H I S  PROGRAM I S  A LUMPED PARAMETER TYPE  SYSTEMS MODEL.  USING  
STREAMFLOW DISCHARGE OF THE WEST WALKER R I V F R  AT C O L E V I L L E » C A . ,  
T H I S  PROGRAM MODELS THE WATER RESOURCE SYSTFM OF SMITH V A L L E Y .  
THE OUTPUT OF THE MODEL I S  AN ACCOUNTING OF THE STATUS OF 
GROUNDWATER STORAGE IN SMITH V A L L E Y  ON A MONTHLY B A S I S  FOR THF 
MODELING TI ME P E R I O D ?  AND AN ACCOUNTING OF THE D I S T R I B U T I O N  
OF SURFACE I R R I G A T I O N  WATER .
GLOSSARY OF V A R I A B L E S  USED TN PROGRAM 
VR —  ANTELOPE VA L L E Y  GROUNDWATFR DISCHARGE AND RETURN FLOW.
AW —  A V A I L A B L E  SURFACE WATER FOw I R R I G A T I O N  P UR P OS E S .
COLE - -  INPUT WEST WALKER R I V E R  AT C O L E V I L L E  MONTHLY D I S CH A R G E .  
CPL I M —  CONJUNCTIVE  PUMPING L I M I T S .
CPRM —  REMAINING CONJUNCTIVE  PUMPING AMOUNT FOR YE A R .
D01 _ _  DECREED FLOW D E F I C I E N C Y  70NE ONE 
DD2 —  DECREED FLOW D I F F C I E N C Y  ZONE TWO.
DD3 —  DECREED FLOW D E F I C I E N C Y  7. ONE T H R E E .
ETD - -  PERCENTAGE D I S T R I B U T I O N  OF ANNUAL E T .
EVAP - -  EVAPORATION RATES AT TOPAZ R E S E R V O I R .
I —  MONTHLY LOOP INCREMENT.
LN0 RM —  LAGGED C O L E V I L L E  NORMALCY ( I  YEAR L A G ) .
LSTOR1 - -  ONE MONTH LAGGED ZONE ONE GROUNDWATER STORAGE.
L S TO R ?  - -  ONE MONTH LAGGED ZONE TWO GROUNDWATFR STORAGE.
L S T 0 R 3  —  ONE MONTH LAGGED ZONt THREE GROUNDWATER STORAGE.
L S T 0 R 4  —  ONE MONTH LAGGED ZONE FOUR GROUNDWATER STORAGE.
ME ft N —  MEAN MONTHLY DI SCHARGES  OF WEST WALKER AT C O L E V I L L E .
MPO —  MONTHLY PERCENTAGE OF ANNUAL DECREED FLOW USAGE.
MRS —  MONTHLY PERCENTAGE OF ANNUAL STORAGE WATER USAGE.
NORM —  NORMALCY OF ITH MONTHLY C O L E V I L L E  D I S CH A R G E .




































Q32 —  
Q34 - -  
SD1 —  
SD2 —  
SD3 - -  
STDEM -  
5VH —  
T F 1 L L  -  
TRECH -  
TSTOR -  
Z1CP —  
Z1D - -  
Z1DEF  -  
Z1GP - -  
Z1PHET  
Z1S —
Z i  S T 0 R 
Z2CP - -  
Z2D —  
Z2DEF  - 




Z3CP -  
Z3D - -  
Z3DEF  
Z36P -  
Z3PHFT  
Z3S - -  
Z3STOR  
Z4GP -  
Z4PHET  
74 S T 0 R
RETURN FLOW.  
R E S E R V O I R .
GW S YS T E M.
I NT ER- ZONA L  FLOW BETWEEN ZONES 3 4NO 2.
I NT E R - ZONA L  FLOW BETWEEN ZONES 3 ANO 4,
STORAGE WATER D I F F I C I E N C Y  ZONE ONE.
STORAGE WATER D I F F I C I E N C Y  ZONE TWO.
STORAGE WATER D I F F I C I E N C Y  ZONE T H R E E .
— STORAGE WATER DEMAND.
SMITH V A L L E Y  GROUNDWATER DISCHARGE AND
— ITH MONTHS R I V E R  WATER F I L L I N G  TOPAZ
— TOTAL ANNUAL RECHARGE TO SMITH VA L L E Y  
- -  ITH MONTHS TOPAZ STORAGE VOLUME,
- ZONF ONE CONJUNCTIVE  PUMPING.
ZONE ONE D E L I V E R E D  DECREED WATER.
ZONE ONE I R R I G A T I O N  WATER D E F F I C I E N C Y •
- ZONE ONE GROUNDWATER PUMPAGE (GROUNDWATER LAND ONLY)
—  ZONE ONE PHREATOPHYTE E T .
ZONE ONE D E L I V E R E D  STORAGE WATER.
___ ITH MONTHS ZONE ONE GROUNDWATER STORAGE.
- ZONE TWO CONJUNCTIVE  PUMPING.
ZONE TWO D E L I V E R E D  DECREED WATER.
-  ZONE TWO I R R I G A T I O N  WATER D E F F I C I E N C Y .
_  ZONE TWO GROUNDWATER PUMPAGE (GROUNDWATER LAND ONLY)
—  ZONE TWO PHREATOPHYTE E T .
ZONE TWO D E L I V E R E D  STORAGE WATER.
ITH MONTHS ZONE TWO GROUNDWATER STORAGE.
-  ZONE THREE CONJUNCTIVE PUMPING.
ZONE THREE D E L I V E R E D  DECREED WATER.
-  ZONE THREE I R R I G A T I O N  WATER D I F F I C I E N C Y .
-  ZONE THREE GROUNDWATER PUMPAGE (GROUNDWATER
—  ZONE THREE PHREATOPHYTE E T .
ZONE THRFE D E L I V E R E D  STORAGF WATER.
_ _  i t h  MONTHS ZONE THREE GROUNDWATER STORAGE.
-  ZONE FOUR GROUNDWATER PUMPAGE.
—  ZONE FOUR PHREATOPHYTE E T .




REAl E V A P ( 1 2 ♦2)  *MPD(12)  » M P S ( 12 )  . P R I O R ( 4 9 » 4 )  * M E A N ( 1 2 ) »HFAD( 12)  
REAL E T D ( 12 )
REAL. CPRM (4)
REAI  ̂ LMORM (12)  i  NORM ( 1 2 )  » C P L I M ( 3 )  , A V R ( 12 )  » S V R ( 1 2 )  » Z 1 S ( 12 )  «Z1D<12)  
REAL 7 1 C P ( 12 )  * Z 1G P ( 12 )  * Z 2 S ( 1 2 ) * 7 2 D < 1 2 > . Z 2 C P < 1 2 ) . Z 2 G P ( 1 ? )
REAL  Z 3 S ( 1 2 ) * Z 3 D ( 1 2 ) » Z 3 C P ( 1 2 ) »  Z 3 G P ( 1 2 ) , Z 4 G P ( 1 2 ) » C O L E ( 1 ? )
REAL T S T O P ( 12 )  , Z 1 S T O R ( 12 )  » Z2STOW( 12 )  ♦Z 3 S T O R (12)  5 7 4 S T O R ( 12 )
REAL 1 S T O R l * L S T O R 2 , L S T O R 3 » L S T O R 4 * C S T O R < 4 * 2 4 0 >
REAL Z 1 D E F ( 1 2 ) , Z 2 D E F ( 1 2 ) , Z 3 D E F (12)
I NT E GE R  V » PO
I NT EGER  I P L O T ( I O O ) ♦MARG( 1 2 ) » I S ( 4 )
«■ *I NT E GE R  I C HA R (4)TOPAZ R E S E R V O I R  EVAPORATION C OE F FC TE N T S  
E V A P ( 1 » 1 ) / . 0 P 2 / * E V A P ( 1 » 2 ) / 1 0 5 . 6 1 5 /
E V A P ( 2 ? 1 ) / . O 0 2 / . E V A P ( 2 > 2 ) / 1 2 6 • 7 3 8 /
E V A P ( 3 * 1 ) / • 0 0 4 / * E V A P ( 3 * 2 ) / ? 9 5 . 7 1 2 /
E V A P ( 4 » 1 ) / . 0 0 5 / » E V A P ( 4 * 2 ) / 3  4 0 . 7 8 4 /
F V A P ( 5 , 1  ) / . 0 0 7 / » E V A P ( 5 » 2 ) / S 0 6 . 9 5 1 /  
E V A P ( 6 * l ) / . 0 1 0 / * E V A P ( 6 * 2 ) / 7 0 4 . 0 9 8 /
E V A P ( 7 i 1 ) / . 0 1 4 / * E V A P (7 » 2 ) / 9  61 *78 7/
E V A P ( 8  * 1 ) / . 0 1 5 / » E V A P ( 8 * 2 ) / I 0 0 8 . 2 6 9 /
EVAP < 9 * 1 ) / . O i l / * E V A P ( 9 » 2 ) / 7 5 0 . 5 5 1 /
EVAP ( 1 0 * l ) / - 0 0 7 / » E V A P ( 1 0 » 2 ) / 4 5 7 . 6 4 8 /
E V A P ( 1 1 » 1 ) / . 0 0 4 / * E V A P ( 1 1 * 2 . ) / 2 5 7 . 6 B 2 /
E V A P ( 1 2 * 1 ) / . 0 0 2 / * E V A P ( 1 2 » 2 ) / 1 1 6 . 8 6 2 /
py D I S T R I B U T I O N  * *  * *  *  *  * *■»■ *  *  *  *  # * * * #  * * *  * * #  *  *
( E T D ( I I ) * I I = 1 » 4 ) / . 0 1 9 * . 0 2 3 » . 0 5 3 » . 0 6 1 /
( ETD <I I ) * 11 = 5 * 8 ) / . 0 9 0 * . 1 2 5 . . 1 7 1  * .  1 7 9 /
( E T D ( I I ) » I I = 9 » 1 2 ) / . 1 3 3 » . 0 8 1 » . 0 4 6 * . 0 2 1 /
MONTHLY PERCENT USAGE OF DFCREE  FLOW * * * * * * * * * * * * * * * *  
( M P D ( L L ) * L L = 1 * 3 ) / 3 * 0 . 0 /
MPD( 4 ) / . 1 2 9 / »MPD( 5 ) / . 2 3 7 / * w P D ( 6 ) / . 2 6 1 /
MPD( 7 ) / . 1 7 1 / *  MPD( 8 ) / . 1 0  3 / * MPD( 9 5 / .  0 6 8 /
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(PRIOR(31» 11)* 11 = 1 *4)/1 13243.30 »13444.53*5543.51»188.19/ 
(PRIOR(32*11)*II=1»4)/103689.08*13057.84*4398.92*188.19/
( P R I 0 R ( 3 3 * I I )  * I I  = 1 * 4 ) / 1 0 0 8 7 5 . 5 6 * 1 3 0 5  / , 8 4 * 4 3 9 8 . 9 2 * 1 8 8 . 1 9 /  
( P R I O R ( 3 4 * 1 1 ) * 1 1 = 1 * 4 ) / 8 7 b l 6 . 6 4 * 9 2 9 3 . 3 3 * 4 3 9 8 . 9 2 * 1 8 8 . 1 9 /  
( P R I O R I  3 5 * I I ) * I I  = l * 4 ) / 8 2 0 0 7 . 6 6 * 6 8 1 8 . 5 5 * 4 3 9 8 . 9 2 * 1 8 8 . 1 9 /  
( P R I O R ( 3 6 * 1 1 ) * 1 1 = 1 * 4 ) / 8 1 3 8 8 . 9 6 * 6 8 1 8 . 5 5 * 4 3 9 8 . 9 2 * 1 8 8 . 1 9 /  
( P R I O R ( 3 7 * 1 1 ) * I 1 = 1 * 4 ) / 7 6 5 4 0 . 9 6 * 6 4 4 7 . 3 3 * 4 1 9 2 . 6 9 *  1 8 8 . 1 9 /  
( P R I O R ( 3 8 * I I ) * I I = 1 ? 4 ) / 7 1 2 4 0 . 2 8 * 6 4 4 7 . 3 3 * 4 1 9 2 , 6 9 * 1 8 8 . 1 9 /
( P R I O R ( 3 9 * I I )  *11 = 1* 4 ) / 6  9 8 9 1 . 5 2 * 6 4 4 7 . 3  3 * 4 1 9 2 . 6 9 * 1 8 8 . 1 9 /
( P R I O R ( 4 0 * I I ) * 1 1 = 1 * 4 ) / 6 4 2 0 3 * 1 2 * 6 4 4 7 . 3 3 * 4 1 9 2 . 6 9 * 1 8 8 . 1 9 /
( P R I 0 R ( 4 l * I I ) * 1 1 = 1 * 4 ) / 6 3 6 8 6 . 5 1 > 6 4 4 7 . 3 3 * 4 1 9 2 . 6 9 * 1 8 8 . 1 9 /
( PR I O R ( 4 2 * 1 1 )  * I I  = 1 » 4 ) / 5 B 0 3 2 . 6 6 * 6 4 4 7 . 3 3 * 3 5 7 3 . 9 9 * 1 8 8 . 1 9 /
( P R I O R ( 4 3 * 1 1 ) * 1 1 = 1 * 4 ) / 5 6 2 6 2 . 6 7 * 6 4 4 7 . 3 3 * 3 4 7 8 . 6 1 * 1 8 8 . 1 9 /  
(PR I O R ( 4 4 * 1 1 )  * I I  = l * 4 ) / 5 2 3 8 2 . 9 3 * 6 1 7 2 . 7 8 * 3 2 8 1 . 4 0 * 1 6 2 . 4 1 /  
( P R I O R ( 4 5 * I I ) * I I = l * 4 ) / 5 0 9 8 5 . 7 0 * 5 5 1 7 , 9 9 * 3 2 8 1 . 4 0 * 1 6 2 . 4 1 /  
( P R I 0 R ( 4 6 * I I ) , I I = l » 4 ) / 4 8 2 8 8 . 6 9 * 4 4 4 5 . 5 8 * 3 2 8 1 . 4 0 * 1 6 2 . 4 1 /  
( P R I O R ( 4 7 * I I ) * 1 1 = 1 * 4 ) / 2 4 7 9 8 . 7 1 * 2 8 0 0 . 3 7 * 1 9 0 1 . 7 1 * 1 6 2 . 4 1 /
( P R I O R ( 4 8 * I I ) * I I = 1 * 4 ) / 4 0 8 0 . 5 5 * 2 6 . 2 9 * 3 7 . 8 9 * 2 . 5 8 /
( P R I  0 R ( 4 9 * I I ) » I I  = l * 4 ) / 4 3 3 . 0 8 * 0 . 0 * 2 0 . 6 2 * 0 . 0 /
C O L E V I L L E  MEAN MONTHLY DI SCHARGES  * * * * * * * * * * * * * * * * * *





















Q» » * * » * * tttt *
DATA MEAN( 1 ) »MEAN( 2 ) / 4 5 5 7 . * 4 7 3 3 . /
DATA MEAN( 3) »MEAN( 4 ) / 6 4 6 7 . ♦ 1 4 9 9 0  . /
DATA MEAN ( 5 ) * MEAN ( 6 ) / 4 4 4 5 0  . » 5 4 6 ( 1 4 . 5 /
DATA MEAN(7)  *MEAN( 8 ) / 2 7 7 1 8 . 5 * 9 3 4 l . /  .
DATA MEAN (9)  »MEAN( 1 0 / 4 7 6 4 .  * 3 7 7 4 . 5 /
DATA MEAN( 1 1 ) > M E A N ( 1 2 ) / 4 1 4 1 , i 4 4 / 2 . /
C *******  * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * 'l,"s ',*tt* * <1'tt'}'tt<,",1‘w * * * * * * * * * *  
C * * * * * * * * * *  PLOT DATA * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
DATA ( I  C H A P ( I I )  » I I  = 1 * 4 ) / 1 H 1 » I H 2 * 1 H 3 » 1 H 4 /
DATA I D 0 T / 1 H . /
DATA I D A S H / 1 H - / * I R L A N K / 1 H  /
DATA (MARG{ 1 1 ) , 11 = 1 * 1 2 ) / i H J * 1H F , 1 HM* 1HA, 1 HM* l H J »1H J »1HA» 
. 1 H S * 1 K O * 1 H N * 1H D/
C * * H H i H i * * * * *  READ I N I T I A L  PARAMETERS * * * * * * * * * * * * * * * * * * * * * * * * * * ■ “ <*
C Hi Hi *  Hi Hi •«■ HiHi t t « { ) « «  Hi Hi Hi Hi Hi-if *  Hi- Hi Hi- Hi Hi Hi Hi HU! Hi- Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi li Hi Hi Hi Hi Hi Hi Hi Hi 
C Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi F I R S T  CARD READ? ID HEADER Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi
READ (5 » 1 0 00 ) ( H E A D ( I I )  t 1 1 = 1 *S>
1000 FORMAT(8A10)
F h> Hi Hi Hi Hi Hi Hi Hi •» 2ND CARD? I N I T I A L  ONE YEAR LAGGED C O L F V T L L E  NORMALCY 
R E A D ( 5 h 10 10)  ( L N O R M ( I I )  * I 1 = 1» 12)
1010 F O R M A T ( 1 2 ( F 5 . 1 » 1 X ) )
C H iti Hi Hi Hi Hi Hi Hi Hi Hi 3RD CARD? I N I T I A L  TOPAZ STORAGE VOLUME * * * * * * * * * * * * *  
R E A D (5 » 1 0 2 0 ) TCARRY  
1020 F O R M A T ( F 7 . 0 )
C Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi /+T H C A RD J CON JUNCT I V E PUMPING L I M I T S  * Hi Hi Hi Hi Hi Hi * Hi Hi Hi Hi Hi Hi Hi Hi 
R E A D (5 ♦ 1 0 30)  ( C P L I M ( I I )  *11 = 1 * 3 )
1030 F O R M A T ( 3 F 7 . 0 )
c  Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi 5JH CARD? PRI NT OPTION* Y E S - 1  P R I NT  DATA AMD GRAPH 
£ H i * H i * H i * * * n i *  N0_ 2 P R I NT  ONLY GRAPH 
RE A D (5 * 10 A 0 ) PO 
1040 FORMAT ( I D
c Hi Hi Hi Hi Hi Hi Hi Hi Hi Hi fcJH CARD NORMALCY L I M I T  ON CONJUNCTIVE  PUMPING 
R E A D ( 5 * 1 0 5 0 )  CPNL 
1050 F O R M A T ( F b . 0 )
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * <*<M>* * <', '1* " * * li'<>w* w'!><1' * * * * * ' :i‘* * * * * <Ĥ  
C * *  *  Hi *  Hi * Hi *  * I N I T I A L I Z E  GW STORAGE TO ZERO * * * * * * * * * * * * * * * * * * * * * *
C *  *  *  *  *  *  *  Hi Hi *  Hi Hi * * * * * * * * * * * * * * * *  *  *  *  *  * * * * *  *  *  *  *  *  *  *  *  * * * * *  *  *  *  *  *  *  *  *  *  *  *  *  *  
L S T O R 1 = 0• 0  
L S T O R ? = 0 . 0  
L S T O R 3 = 0 . 0  
L S T O R 4 = 0 • 0
q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^  w * * * * * w * * * * * * * * * * * * * * * * * *
C * * * * * * * * * *  ZERO OUT ARRAYS * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C Hi * * * * * * * * * * * * * * * * * * * * * * * * * * *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  ■** ** *  W W *
DO 2 J = 1 »12 
A V R ( J ) = 0 . 0  
Z1S  <J> = 0 . 0  
Z l D ( J ) = 0 v 0  
Z 1 G P ( J ) =0 • 0
132
Z 1 C P ( J ) = 0 . 0  
Z 2 S ( J )  = 0 . 0  
Z 2 D ( J ) = 0 . 0  
Z 2 G P ( J ) = 0 . 0  
Z 2 C P ( J ) = 0 . 0  
Z 3 5 ( J ) = 0 . 0  
Z 3 D ( J ) = 0 . 0  
Z 3 G P ( J ) = 0 . 0  
Z 3 C P ( J ) = 0 . 0  
Z 4 G P ( J ) = 0 . 0  
2 CONTINUE
c<HHt * * * * * * *  ** *
C * * * * * * * * * *  P RI NT  I N I T I A L  PARAMETERS AMD HEADER * * * * * * * * * * * * * * * *
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * "  
WRITE ( 6 * 2 0 0 0 )  (HEAD ( 1 1 ) * 1 1  = 1 * 1 2 )
2000  FORMAT( * 1 * * / / / / / / / / / / ♦ 2 0 X * 8 A 10)
2010  F O R M A T ( *  *  * 20X * * I N I T I A L  ONE YEAR LAGGED C O L E V I L L E  NORMALCY*) 
W R I T E ( 6 * 2 0 2 0 ) ( L N O R M ( I I ) * 1 1 = 1 * 1 2 )
2020 FORMAT( *  * , 1  OX, 1 2 ( F 5 . 1 » 1 X ) / )
W R I T E ( 6 * 2 0 3 0 )
2030 FORMAT( *  * * 2 OX * *  I N I T I A L  TOPAZ STORAGE VOLUME*)
WRITE ( 6 * 2 0 4 0 )  TCARRY  
2040  FORMAT( *  * * 2 0 X , F 7 . 0 , / )
W R I T E ( 6 * 2 0 5 0 )
2050  FORMAT( *  * * 2 0 X * *C ONJ UNC TI VE  PUMPING L I M I T S * )
W R I T E ( 6 * 2 0 6 0 ) ( C P L I M ( I I ) * 1 1 = 1 * 3 )
2060 FORMAT ( *  * ♦ 2 OX, 3 ( F 7 . 0  * 5 X ))
I F ( P O . E Q . l )  W R I T E ( 6 * 2 0 7 0 )
W R I T E ( 6 * 2 0 8 0 )
2070 FORMAT( *  * , 2 0 X , * Y E A R L Y  DATA WILL  BE P R I N T E D * )
2080 FORMAT( *  * » 2 0 X , *STORAGE GRAPH WILL  BE P R I N T E D * )
WRITE ( 6 * 2 0 9 0 )  CPNL _ . ,  ^ k
2090 FORMAT(*  *»*NORMALCY L I M I T  ON C P * * » F 5 . 0 * *  % OF NORMAL*')
C* * * * * * 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
133
Caaaaaaaaaa VEAHLY LOOP ** a*<h h h >•#•aa*aaaaaa aaaa*■9***1'aaaa aa*
0 a a * a -a- a a a a a -a a a a a a a a a a a a a a a a a a a a a a a a- a a a a a a a a a a a a a a a a a a a a a a a a a a a a
20 CONTINUEC a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a- a -h- a a a a a a a a a a a- a a a a a a a a a a 
Caaaaaaaaaa SET CONJUNCTIVE PUMPING LIMITS aaaaaaaaaaaaaaaaaaaaa 
0***********tt**aaiHttt**tt***aaaa**a****aa*a**a** a a a a a- a a a a a a a a a a a a a
DO 180 KK = 1 *4 
CPRM <KK)=CPLIM(KK)
180 CONTINUE
C a a a a a a a a a a  READ YEARS COLEVILLE DISCHARGE a a a a a a a a a a a a a a a a a a a a a  
C a a a a a a a a a a a a a a a a a a a a  a a  a  a a  a a  a a  a  a  a  a  a  a a a a a  a  a  a a  a a a  a a a  a  a a a a a a  a a a  a  a a  a  
R E A D (8,1 07 0) (COLE(II) ,11=1*12)
1070 FORMAT(12F7.0)
IF(EOF(8).NE.0.0) GO TO 999 
Y = Y + 1Caaaaaaaaaaaaaaaa*aaaaaaaaaaaaaaaaaa*aaaaaaaaaaaaaaaaaaaaaaaaaaa
C a a a a a a a a a a  MONTHLY LOOP aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
C a a a a a a * a a a a i n t a * a a a a a a a a 4 * * a a * a a a * a » a a « a a » a a a a a a a a a a a a a « * a a a a » a a
DO 10 1=1*12
C a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a aaaaaaaaaaaaaaaaaaaaaa a a a aaaaaaa
C a a a a a a a a a a  CALCULATE COLEVILLE NORMALCY aaaaaaaaaaaaaaaaaaaaaaa 
Caaa a aaaaaa a aaaaa a a aaaaa a- a aaaaaaaaaaaa a aaaaaaaaaaaaaaaaaaaaa aaaa
NORM(I)=(COLE(I)/MEAN(I))*100.Caaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
C a a a a a a a a a a  CALCULATE GROUNDWATER DISCHARGE TO RIVER a a a a a a a a a a a  
C a a  a  a a a  a  a  a a  a a  a  a  a a  a  a a  a a  a  a  a a a a a a a a a  a a  a a a a a  a a a a a a  a a  a  a  a  a  a  a a  a  a  a  a  a  a  a  a  a  
GO TO ( 101 * 102,103* 104,105* 106* 1 07* 1 08* 109,1 10 * 1 1 1 * 1 12) I
101 CONTINUE 
Caaaaaaaaaa JANUARY
IF(N0RM(I).LE.75.) GO TO 122 
S V R (I)=18.H8*N0RM(I)-62.08 
GO TO 199 
122 CONTINUE
S V R (I)=3.51*N0RM(I)+1095.37 
GO TO 199
102 CONTINUE
C-j hu hhh* F E B R U A R Y
S V R ( I ) = 1 0 .  * * ( 0 , 4 4 6 * A L O G 1 0 ( N O R M ( 1 ) ) + 2 . 2 9 1 )  
GO TO 199
103 CONTINUE  
Cttim-iUMHHHHi- MARCH
SVR ( I ) = 3 . 9 6 4 *  NORM ( I ) + 1 0 3 0 . 4 8 6  
GO TO 199
104 CONTINUE
A P R I L
S V R ( I ) = 1 2 . 2 6 6 * N 0 R M ( I ) + 1 2 9 1 . 3 7 9  




S V R ( I ) = 3 5 . 533*NORM( I ) - 5 0 . 0 5 3




S V R ( I ) = 6 6 . 0 5 * N O R M ( I ) - 1 9 0 4 , 9 3 0
A V R ( I ) = 1 0 . * * ( 0 . 6 4 8 * A L O G 1 0 ( N O R M ( I ) ) + 2 . 6 8 3 )
GO TO 198
107 CONTINUE  
QtHHHHHHUUMt J ULY
S V R ( I ) = 3 1 . 7 87 * N O R M ( I ) + 1 6 2 4 . 0  
A V R ( I ) = 5 7 . 19 6*N0 RM( I ) + 4 2 0 . 3 8 9  
GO TO 198
108 CONTINUE  
C-H-tt-ittt-SHHHUi-H- AUGUST
SVR( I ) =25 . 448*NORM( I ) + 1202.029
AVR ( I ) = 4 0 . 5 4 7 * N 0 R M ( I ) - 1 0 6 1 . 6 8 1
GO TO 198
109 CONTINUE  
C##*#**#*** SEPTEMBER
S V R ( I ) = 3 1 . 0 9 6 * N O R M ( I ) + 3 4 6 . 6 7 2
A V R ( I ) = 4 9 • 0 8 4 * NORM( I ) - 2 1 3 5 . 0 7 1
GO TO 198
110 CONTINUE  
QSlHHUHHHHUf OCTOBER
SVR ( I )  = 1 0 . * *  ( 3 , & 1 0 * A L O G 1 0  (NORM ( I ) ) -  3 . 9  37)
AVR ( I )  = 3 3 . 7 9 2 * N 0 R M  ( D - 1 8 4 8 . 3 4 9  
GO TO 198
111 CONTINUE  
C # * * * * * * * * *  NOVEMBER
S V R ( I ) = 1 0 . * * ( 1 , 2 8 6 * A L O G 1 0 ( N O R M ( I ) ) + 0 . 4 6 2 )
GO TO 199
112 CONTINUE
C** * * * * * * * *  DECEMBER
SVR ( I ) = 8 . 7  84'* NORM ( I ) + 2 7 6 . 9 1 6  
199 CONTINUE
r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C * * * * * * * * * *  N O N - IR R I GA T I O N  SEASON CALCULATI ONS  * * * * * * * * * * * * * * * * *
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C * * * * * * * * * *  TOPAZ F I L L I N G  
T F I L L  = COLE ( I ) - 5 0 0  .
I F  ( T F I L L . L T .  0 . 0 )  T F I L L _ = 0 . 0  
T S T O R ( I ) = T C A R R Y + T F I L L
T S T O R ( I ) = T S T O R ( I ) - ( F V A P ( I » 1 ) * T S T O R ( I ) + E V A P ( I » 2 ) )
I F  ( T S T O R ( I )  . G T . 5 9 0 0 0 . )  T S T O R ( I ) = 5 9 0 0 Q .
Z 1 S T O R ( I ) =L S TORl  
Z 2 S T 0 R ( I ) =LST0R2  
Z 3 S T O R ( I ) =LS T0 R3  
Z 4 S T 0 R ( I ) =L S T0 R4
S V R ( I ) = S V R ( I ) + S V R ( I ) * ( ( L S T O R 1 + L S T O R 2 ) / 1 0 0 0 0 0 . )
GO TO 195  
198 CONTINUE
S V R ( I ) = S V R { I ) + S V R ( I ) * (  ( L S T O R 1 + L S T O R 2 ) / 1 0 0 0 0 0  . )
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * w * * * * * " * * * * " * * * * * * * * * * * * * * * * * * * *  
r * * * * * * * * * *  D I S T R I B U T E  A VA I L A B L E  I R R I G A T I O N  WATER * * * * * * * * * * * * * *
C * * * * * * * * * * * » * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C * * * * * * * * * *  DECREE  FLOW
AW=COLE( I ) +AVR( I ) + S V R ( I >
C »*«■«• *  D I S T R I B U T E  DEC REE  FLOW PER P R I O R I T Y  
DO 30 K =1» 49
I F ( A W . L T . P R I O R ( K * l ) * M P D ( I ) ) 00 TO 301  
I F ( K . E Q .  1 ) GO TO 305  
R E M = A W - ( P R I 0 R ( K » 1 ) * M P D ( I ) )
7 ID ( I ) =MPD { I ) " P R I O R  (K»'2) + ( P R I OR  (K» 2) / P R I O R  (K »1) *REM)  
Z 2 D ( I ) = MPD( I ) * P R I O R ( K ? 3 ) + ( P R I O R ( K » 3 ) / P R I O R ( K » 1 ) * P E M )  
Z 3 D ( I ) = M P D ( I ) * P R I 0 R ( K * 4 )  + ( PR I O R ( K » 4 ) /PR I O R ( K » 1 ) * P E M )
T F I L L = 0 . 0  
GO TO 39 
301 CONTINUE
I F  ( K . L T • 4 9 )  GO TO 30
q «• -a--m--M-■ » STREAMFLOW NOT S U F F I C I E N T  TO MEET OLDEST P R I O R I  Y 
Z 1 D ( I ) = 0 . 0 
Z 2 D ( I ) -AW* 0 . 0 4 8
Z 3 D ( I ) = 0 . 0  
TF I L L  = 0 • 0  
30 CONTINUE  
GO TO 39
305 CONTINUE
100% OF DECREE  F U L F I L L E D ?  
Z 1 0 ( I ) = 1 6 5 7 0 . 76*MPD( I ) 
Z 2 D ( I ) = 7 4 6 3 . 5 3 * M P D ( I )
7 3 D ( I )=7 3 6 7 • 2 0 * MP D ( I )
T F I L L = A W ~ ( P R I O R ( 1 1 ) *MPD( I ))
THEREFORE F I L L  TOPAZ
39 CONTINUE
T S T O R ( I ) = T C A R R Y + T F I L L
T S T O R ( I ) = T S T O R ( I ) - ( E V A P ( I ♦ 1 ) * T S T O R ( I ) + E V A P ( I » 2 ) ) 
STORAGE WATER 
STDEM= 2 3 6 0 4 . 0 3 * MRS( I ) * 3 . 5  
I F ( S T D E M . G T . T S T O R ( I ) )  GO TO 302  
Z 1 S ( I ) = ( ( 6 3 5 1 . 1 4 * 3 . 5 ) + 1 4 1 9 . 3 2 ) * M P S ( I )
Z2S( I ) = ( ( 2 6 9 9 . 9 5 * 3 . 5 ) + 2 4 1 . 9 5 ) *MPS( I )
Z 3 S ( I ) = ( ( 3 0 4 3 . 7 1 * 3 . 5 ) + 1 5 7 0 . 6 9 ) * M P S ( I )
T S T O R ( I ) = T S T O R ( I ) - Z 1 S ( I ) - Z 2 S ( I ) - Z 3 S ( I ) - ( 1 1 5 0 9 . 2 3 * 3 .  
I F  ( T S T O R ( I ) . 6 T . 5 9 0  0 0 . )  T S T O R ( I ) = 5 9 0 0 0  .
5 * M P S ( I ) )
GO TO 303  
302 CONTINUE
STORAGE NOT S U F F I C I E N T  TO MEET i 0 0 T MONTHLY APPOPTIONMENT
S T D E M = T ST O R ( I )
Z I S ( I ) = S T DEM* 0 . 2 9 8
Z 2 s  ( i )  =s t d e m * o . u p
Z 3 S ( I ) = S T D E M * 0 . 161 
I F ( Z 1 S ( I ) . L T . 0 . 0 )  Z 1 S ( I ) = 0 . 0  
I F  ( Z 2 S ( I ) . L T . 0 . 0 )  Z ? S ( I > = 0 . 0
I F  ( Z 3 S ( I ) . L T . 0 . 0 )  Z 3 S ( I ) = 0 . 0  
T S T O R ( I )= 0 . 0 
303 CONTINUE
r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
r * * * * * * * * * *  S V GW STORAGE CHANGE C ALC ULATI ONS  * * * * * * * * * * * * * * * * * *
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C * * * * * * * * *  * CONJUNCTIVE  PUMPING 
C * *  *  * * * * * * *  ZONE ONE
S D 1 = ( M P S ( I ) * 3 . 5 * 6 7 5 6 . 6 3 ) - Z I S ( I )
I F  ( S D 1 . L T . 0 . 0 )  S D 1 = 0• 0
DD1=(MPD( I ) * 3 . 5 * 4 5 3 6 . 8 6 ) - Z 1 D ( I )
I F ( D D 1 . L T . 0 . 0 )  DD1 = 0 . 0  
Z 1 D E F ( I ) =SD1+DD1 
Z 1 CP ( I ) =Z 1 O F F ( I )
RHOI-DI=CPRM (1 ) - Z 1 C P  ( I )
I F  ( R H O L D 1 . G E . 0 . 0 )  GO TO 880
C * * * * * * * * * *  Z1CP GT CPRM 
Z 1 C P ( I ) =CPRM<1)
880 CONTINUE
I F ( NOHM.GE. CPNL)  Z 1 C P ( I ) = 0 . 0  
CPRM( 1 ) =CPRM( 1 ) - Z 1 C P ( I ) 
Z 1 S T 0 R ( I ) = L S T 0 R 1 - Z 1 C P ( I )  
C * * * * * * * * * *  ZONE TWO
SD2= (MPS ( I ) # 3 . 5 * 2 8  0 1 . 7 0 )  - Z 2 S U  ) 
I F ( S D 2 . L T . 0 . 0 )  S 0 2 = 0 . 0
DD2=(MPD( I ) * 3 . 5 * 1 6 2 4 . 2 8 ) - Z 2 D ( I ) 
I F ( D D 2 .  L T . 0 . 0 )  DD2 = 0 . 0
Z2DEF( I ) =SD2+DD2 
Z2CP ( I ) = Z 2 D E F ( I )
RH0LD2=CPRM( 2 ) - Z 2 C P ( I )
I F ( R H O L D 2 . G E . O . O )  GO TO Bri2 
Z 2 C P ( I ) - C P R M (2)
882  CONTINUE
I F ( NORM. GE . C P NL )  Z 2 C P ( I ) = 0 . 0  
CPRM( 2 ) = CPRM( 2 ) - Z 2 C P ( I ) 
Z 2 S T O R ( I ) = L S T O R 2 - 7 2 C P ( I )
C * • » * ZONE THREE
S D 3 = ( M P S ( I ) * 3 . 5 * 3 4 5 9 • 8 6 ) - Z 3 S ( I )
I F  ( S 0 3 . L T . 0 . 0 )  SD3 = 0 . 0
DD3=(MPD( I ) * 3 . 5 * 2 0 6 0 . 8 3 ) - Z 3 D < I )
IF ( D 0 3 . L T . 0 . 0 )  DD3 = 0•0  
Z3DEF( I ) =SD3+DD3 
Z 3 CP ( I ) =Z3DFF( I )
RH0LD3=CPRM( 3 ) - Z 3 C P ( I )
I F ( R H O L D 3 . G E . O . O )  GO TO 883  
Z 3 C P ( I ) =CPRM(3)
883  CONTINUE
I F ( NORM»G E . C P N L ) Z 3 C P ( I ) = 0 . 0  
CPRM( 3 ) =CPRM( 3 ) - Z 3 C P ( I ) 
Z 3 S T 0 R ( I ) = L S T O R 3 - 7 3 C P ( I > 
QinnHHHunnHi PUMPAGE FOR GW ACREAGE  
Z 1 G P ( I ) = 3 7 3 8 . 1 4 * 3 . 5 * M P S ( I ) 
Z 1 STOR ( I ) = 7.1ST0R ( I ) - Z 1 GP  ( I ) 
Z 2 G P ( I ) = 9 2 2 . 7 9 * 3 . 5 * mP S ( I )  
Z 2 S T 0 R ( I ) = Z 2 S T 0 R ( I ) - Z 2 G P ( I )
Ht * * *
Z3GP(I)=1416.66*3.5*MPS(I)
Z3ST0R( I ) =Z3STOR( I ) - Z 3 G P ( I )
Z4GP( I ) = 2 7 0 9 . 9 2 * 3 . 5*MPS( I )
Z 4 S T 0 R ( I ) = L S T 0 R 4 - Z 4 G P ( I ) 
rtuH U H H J'**** I N F I L T R A T I O N  OF I R R I G A T I O N  WATER
Z 1 S T O P ( I ) = Z 1 3 T 0 R ( I ) + ( Z 1 D ( I )+7 I S ( I ) + 7 1 G P ( I )+71 C P ( I ) * 0 . 5  
Z2=:TOR ( I ) =Z?STOR ( I ) ♦ (Z2D ( I ) +Z2S ( I ) +Z2GP ( I ) +Z2CP ( I ) ) * 0 . 5  
Z3 S T 0 R  ( I )  =Z3ST0R (!)■*■ ( Z3D ( I ) +Z3S ( I )  +Z3GP ( I ) +Z3 CP ( I ) ) * 0 . 5
<HHHMV**************
C * * * * * * * * * ! * 1! ; ^ D I S C H A R G E  TO R I V E R  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Z 1 S T O R ( I > = Z 1 S T O R ( I ) ~ S V R ( I ) » 0 . 6 5
Z 2 S T 0 R ( I ) =Z ? S T  O R ( I ) - S V R ( I ) *  0 . 3  5
C********** p h r e a t o p h y t e  AND BARE S O I L  ET * * * * * * * * * * * * * * * * * * * * * *  
C « * * * * * * * * *  ZONE ONE
Z 1 P H E T = . 0 2 3 * L S T O R 1 + 3 3 0 0 .
I F ( L S T O R 1 . G T . 0 . 0 )  7 1 P H E T = 3 3 0 0 .
I F ( L S T O R 1 . L T . - 1 0 0 0 0 0  . ) Z 1 P H E T - 9 9 0 .
Z1RHET = Z1PHET'M'ETD ( I )
Z 1 S T O R ( I ) = Z 1 S T 0 R ( I ) - Z 1 P H E T  
ZONE TWO
Z 2 P H E T = . 0 2 1 * L S T O R 2  + 1 1 0 0 .
I F ( L S T O R 2 . G T . 0 . 0 )  Z 2 P H E T = 1 1 Ou.
I F ( L S T 0 R 2 . L T . - 3 6 0 0 0 . )  Z S P H E T - 3 3 0 .
Z 2 P H E T = Z 2 P H E T * E T D ( I )
Z 2 S T 0 P ( I ) = Z 2 S T 0 R ( I ) - Z 2 P HE T  
C t t * * * * * * * * *  ZONE THREE
Z 3 P H F T = . 2 1 9 * L S T O R 3 + 6 0 0 0 .
I F  ( L S T 0 R 3 .  G T . 0 . 0 )  Z3PHF.T = 60 00 .
I F  ( Z 3 P H E T . L T . 1 1 8 8 . )  Z3PHET = 1J « 8 .
Z 3 P H E T = Z 3 P H E T * E T D ( I )
Z 3 S T 0 R ( I ) = Z 3 S T O R ( I ) - Z 3 P HE T
qw* * * * * * * * *  ZONE FOUR
Z 4 P H E T = . 1 7 5 * L S T O R 4 + 3 0 0 0 .
I F ( L S T 0 R 4 . G T . 0 . 0 )  Z 4 P H E T = 3 0 0 0 .
I F  ( 7 4 P H E T . L T . 3 7 5 . )  7.4PHET = 3 7 6 .
Z 4 P H E T = Z 4 P H E T * E T D ( I )
C . . . . . . i « H E C H » R « i T T O , W O U w 3 * T t R  SYSTEM
I F ( L N O R M ( I ) . G E . 1 1 8 . )  GO_TO 410  
I F  ( L N O R M ( I ) . L T . 2 0 . )  GO TO 420
TRECH = 5 9 . 8 4 l * ( 1 0 . ii' * ( . 0 2 4 * L N O R M ( I )  ) ) / 1 2 .
GO TO 400 ,tJ , _ . . , . .  _
T R E C H = 1 7 3 3 8 . 0 4 0 * ( 1 0 . * * ( . 0 0 3 * L N O r M ( I ) ) ) / 1 2 .
Z 4 S T 0 R ( I ) = 7 4 S T 0 R { I ) ♦ Z4GP< I > * 0 . 5
410
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LU * w  u.
•- QC QL —
O X  c O  LO
IX CM h- K- ^
-  cn to X
*  -d- CO CO
X X  XI IX ^x OK
in 1-  * •* 21 CVJ
cv 2  * 2 T — ^
•» O  X CL ^
— \ — 2  00 — cr> x
o  \ O  *  r-> (\J o  *—•
LT ^ r-4 \C IX »
o  * O  if if o  •> *
n 3  U. r-4 CO -x




2 cn x  
cm o  
xj x
X  
3  M3 — 
2 — 1-  
»-i X  <1 1 -1 -2  2  • CC
0 X 0  
U  3  X
M3 —  O  2  M3— h— ro — xi m  x  
M3 h -
X  <
)-i cr ► 
cc o  x  
3  x  n








































Z1SW = 0 ., 0 
Z2SW=0 • 0 
Z3SW=0. 0  
Z 1 GW- 0 . 0  
Z 2 G W := 0 . 0  
Z 3 G W = 0 . 0  
Z1CW=0.0  
Z2CW=0.0  
Z 3 C W = 0 . 0  
Z4GW=0. 0  
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S= St St 
S' s: SI 
st st St 
S: St St 
s: SI St
S: St St 
£ £ £
_,  ̂ (—4 S' # S'
X X  o  * S' S' S'
.--» —i • o St st St
O' 4̂ *- p— • st St S'
O X o  3  u  x- st St st
• r—i e 3  t- u. S= St St
r- * r— i— <r — S! St St
U. o j_ <t «- <r st St St
-  3  • rx x  3  •> St st St
~f' fx̂. CO •■ CV 1— X J. A .W V V -O
•* Ll. * 3  •• <J- CO st st St
X N X  3  * XI •>
.u .X u
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U 3  Z U 3  H- _J 1-  - I S= St
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St 1 (V! ir>
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st X X X
st ro CO CO
St cv rej CCJ
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t-4 i m o
X  S' S= S'
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Z  « 3 U 3  U 3  U 3
St
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St o  o  o
St (cj n  -f
St o  o  o
st <r <r
U
jRAPH4050  FORMAT ( * * * 1 0? ( w +*) > q (HHt# ■»■ ■» * ft •» * CONSTRUCT LINE Or
DO 700 I = 1 * Y * 1 2
BLANK OUT I P L O T  
DO 705  K = l t l 0 0  
I P L O T ( K ) = I R L A N K  
I F ( M . E Q . l )  I P L O T ( K ) = I DOT
70 S  CONTINUE
«• •jhhh* SET  ZERO L INc.
I P L O T ( S O ) = IDASH  
IPL.OT ( 25 )  =IDOT  
I P L O T ( 7 5 ) =IDOT
DO 710 J = l ^  , .. nnnS {J )  = ( CSTOR( I ) >50 0 0 0 . ^ / 1  00 ) .
I F ( S ( J )  . G T . 5 0 0 0 0 . )  5 ( J ) =50 0 0 0 .
I F ( S ( J )  . L T . - 5 0  0 0 0 . )  S ( J ) ‘-=-50000.
I S ( J >  = I F I X ( S ( J )  )
T P L O T ( I S ( J )  ) = I C H A R ( J )
710  S " % 0 0 0 .  MARG(M) . I I P L O T  ( I  I .  . 1 1  = 1 . 1 0 0 )
4000  FORMAT( *  tt» 1 0 ? A l )
M = M+1
I F  ( M• E Q • 1 3 )  M- l  
700 CONTINUE
WRITE( 6 * 40 5 0 )
STOP
END





Read monthly normalcy 
for year prior to in-
itial month (used for 
one year lag in re-
charge calculation. 
Groundwater storage ln 
each of Smith Valley 
zones for month prior 
initial, set to zero. 
Read one months 
Coleville discharge. 
Calculate normalcy on 
Coleville Discharge. 
I 
Is current month with-
in irrigation season? 
yes 
Predict groundwater 
discharges to river in 





no Predict groundwater -- discharge to river 
in Smith valley. 
Allow 500 A-F/month to 
b ypass Topaz Reservoir 
to maintain river flow . 
Add remainder of Coleville 







• Available water = Coleville discharge + 
Smith and Antelope 
valley groundwater 
discharge to river. 
Determine decreed flow 
priorities for Smith 
Valley zones, Antelope 
Valley, and Mason 
Valley from available 
water. 
If 100 % of decreed 
flow demands are met, 
use remainder of 
discharge to fill 
Topaz Reservoir. Add 
to Topaz Reservoir 
storage volume. 
StilJtract evaporatlon loss 
from Topaz Reservoir 
storage volume. 
~ 
Determlne Topaz storage 
release to meet demands 
in Smith Valley zones and 
Mason Valley. If st<urage 
not sufficient to meet 
100% demands, divide 
remainder equitably. 
Subtract from Topaz 
storage. 
ConJunctlve pumplng for 
each zone= total surface 
water demand - delivered 
surface water. 
t 
Subtract evaporation loss 








water storage of each 
zone. 
Subtract pumpage for 
groundwater land from 
groundwater storage of 
each zone. 
Infiltration of irrigation 
water = total applied 
water in each zone X 0.5. 
Add infiltrating 
irrigation water to 
groundwater storage of 
each zone. 
Subtract predicted ground-
water discharge to river 
from groundwater storage 
of zones one and two. 
Determine phreatophyte, 
bare soil, and open water 
ET for each zone, based 
upon one month lag of 
groundwater storage. 
Subtract from ground-
water storage of each 
zone. 
Determine rec'harge to each 
zone based upon one year 
lag o~ Coleville monthly 
normalcy. Add to ground-
water storage of each 
zone. 
148 l 
I IIIII n7 
149
t 
Determine interzonal flow 
between zones two, three, 
and four. Add or sub-
tract approp riately in 
goundwater storage of 
each zone. 
Update one year lagged 
normalcy. Update one 
month lagged groundwater 
storage in each zone. 
Has one year passed? 
yes 
Print monthly results 
for each year. Ground-
water storage, ~paz 
storage, irrigation 
water supplied, total 
pumping, and conjunctive 
pumping for each zone. 
Has 20 years passed? 
yes 
Stop. 
0 
 
1111111111 11 
277 
no 
no 
